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INTRODUCTION
"Application of Marginal Economic Analysis to Reservoir Recreation Planning" is based on research performed as part of a project
entitled "The Economic Impact of Flood Control Reservoirs" (OWRR
Project No. A-006-KY) sponsored by the University of Kentucky Water
Resources Institute and supported in part by funds provided by the
United States Department of Interior as authorized under the Water
Resources Research Act of 1964, Public Law 88-379.

The Ohio River

Division Office of the U. S. Army Corps of Engineers and the Hamilton
County Park District assisted by providing much of the necessary data.
Some of the computational work was done at the University of Kentucky
f

Computing Center.
The overall project is examining the economic consequences
which resulted from the construction of four existing reservoirs in the
hope of being able to suggest improved economi.c evaluation techniques.
This is the sixth in a series of reports on the project and deals with
the development of a methodology for evaluating the relationship between
the level of recreation facilities provided at a reservoir and the number
of people who will visit it.

This information provides a means whereby

marginal economic analysis may be used in selecting the level of
recreation facilities to provide.

The resulting procedure is summarized

in Chapter VI, and those wishing only a short synopsis of the findings
may just read that chapter.
Reader comments on the research problem, the approach
described in this report, or the findings presented are encouraged
and should be directed to L. Douglas James, Project Director.
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ABSTRACT
Recreation visitation and cost data at three reservoirs in
the Ohio River Valley (Rough River, Dewey, and Winton Woods) were
analyzed in an attempt to derive a method by which the optimum level
of reservoir recreation development could be determined by marginal
economic analysis.
The visitation data were used to determine factors expressing
the time distribution of facility use, capacity coefficients, and
realized benefits.

The cost data were used to estimate annual cost,

and marginal cost as functions of annual visitation.

Marginal cost

and marginal benefit data were combined to find the optimum size.

'

Potential visitation to Winton Woods was estimated, and the
marginal benefit per visitor was estimated from travel costs.

The

potential visitation was combined with the distribution factors for
Rough River and Dewey to get the time distribution of reservoir use.
Actual visitation was combined with the distribution factors at Winton
Woods to get the time distribution of use at actual conditions.

These

two relationships allowed the reduction in potential benefits due to
crowding to be estimated.
The marginal cost curves are combined with the marginal
benefit curves to find the optimum visitation to a site.

This optimum

visitation implies a required reservoir size which can be estimated
by use of the distribution factors and capacity coefficients.

The

required cost for these facilities and the realized benefits can also
be estimated.
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Chapter I
DEFINITION OF PROBLEM
PURPOSE OF STUDY

The purpose of this study is to develop a method whereby
marginal economic analysis may be applied to determining the
economically optimum degree of recreation development at a proposed reservoir.

A greater degree of recreation development

increases the cost of the required facilities (more campgrounds,
picnic areas, boat docks, etc.).
attendance.

It should also increase the

The additiona 1 facilities can be justified if the bene-

fits accruing to the additional visitors exceed the required cost.

'

Quantitative analysis of this problem requires detailed
evaluation of the effect of the facilities provided on recreation
visitation to a given reservoir.

Specific problems which must be

resolved in completing such an analysis include: choice of an
adequate measure of facility size (degree of recreation development),
variation of cost with size, and variation of visitation with size.
Key elements to the variation of visitation with Size are the effect
of the proximity of water on the use of shoreline facilities and the
effect of crowding upon recreation participation.

The basic data

for the analysis describe visitation trends by time of year, week,
and day and by prevailing local conditions.
BACKGROUND FOR STUDY

Recent years have brought a rapid increase in participation
in such water-based outdoor activities as boating, water-skiing,
and camping.

The trend can be witnessed at many reservoirs

originally built for other purposes.
water.

People enjoy being near the

They enjoy lying on a beach, walking in the woods near the

shoreline, or skimming the water surface in a boat.

Every indication

is that the increase in visitation to reservoir recreation sites is only
beginning and such activities as pleasure boating or overnight
camping may become leading leisure time activities (13).
Several reasons may be hypothesized as contributing to the
increase in visitation at reservoir recreation sites.

Increased

incomes have allowed people to spend more money on boats, motors,
camping equipment, and fishing gear.

Fewer working hours have

allowed many more time for outings to the water areas.

Other

factors increasing visitation are modernized high-speed transportation
systems, which make visiting different sites feasible, and
expanding urbanization which reinforces the attraction of a country
outing. All of the above cause increased demand.

Numerous new

reservoir sites increase the supply and thus visitation rates but do
not affect true economic demand.

Statistics at Corps of Engineers

reservoirs show an annual visitation increase of 13. 6 percent from
1953 to 1963 (31}.
When planning recreation facilities at a reservoir site, the
planner must consider the kinds of activities for which space must
be provided. The major activities common to most sites include
boating and water skiing on the lake surface, swimming and fishing
around the edges of the lake, and camping, picnicking, and sightseeing along the shoreline. Although other activities occur at
many sites, they usually are not so directly dependent on water or
can be included in the provision for one of the above mentioned
activities.
Provision for large scale recreational use was not included
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in planning the design and operation of many presently existing
reservoirs.

Such public use facilities as were provided were

usually arbitrarily selected by hastily drawn physical criteria.

In

order to provide a realistic economic basis for recreation µLanning,
the effect of reservoir size on cost incurred and benefit realized
must be defined.

The need for a realistic basis for recreation plan-

ning is demonstrated by the many new visitors expected at reservoir
sites in the future, the large financial out.lay required to provide
prcper facilities, and the need to spend this money wisely.
Two separate concepts which must be considered in reservoir
recreation analysis are sizing of the reservoir and determination of
the optimum degree of recreation development for a reservoir of a
given size.

The former means determining the permanent pool water

surface area required for recreation use.

The pool size may be largely

determined by the needs of other project purposes, but recreation
requirements should be considered.

The latter means determining

the kinds and number of shoreline facilities which should be provided.
Campgrounds, picnic areas, and boat docks must be evaluated and
justified in conjunction with recreation demand.
In the general case, the two types of analysis can be
combined.

The possibility of increasing the permanent pool water

surface area above that required for other purposes to accommodate
more visitors should be evaluated.

This can be done by developing

for each of a range of permanent pool sizes the area of surrounding
land best al.located to recreation

and the area within the total

best allccated to each type of activity.

These allocations require

application of the second basic concept.

Study of present visitation

trends and distribution among activities will aid in dividing the
land and water allocation by activity.
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After choosing a degree of

development for each reservoir size, the cost of each combination of
recreational facilities may be estimated.
nal cost curve may be developed.

From these costs, a margi-

Benefits for each reservoir size

depend on the effect on visitation of reservoir size and may be
estimated by use of the techniques to be developed below.

Thus,

use of the marginal cost and marginal benefit relationships will
allow the optimum size to be selected.

However, the procedure

outlined above depends on proper analysis of the time variations in
visitation, reservoir visitation capacity, and the influence on visitation of crowding so that their effects can be incorporated into the
analysis.
REVIEW OF CURRENT PROCEDURES
Although reservoir recreation planning at large reservoir projects
has gradually evolved over many years, recreation was not systematically accepted as a project purpose and consequently not
consistently evaluated in overall project planning and operation
until the Federal Water Project Recreation Act of 1965:
in investigating and planning any Federal ...
water resource project, full consideration shall be
given to the opportunities, if any, which the project affords for outdoor recreation, and fish and
wildlife enhancement and ... it shall be constructed, operated and maintained accordingly (1 O).
In the past, reservoir recreation facilities have been designed to
fit the physical characteristics of the reservoir periphery.

For

example, if a certain area was nearly level and close to the shoreline, it might be made into a family camping area.

The planning

literature on campgrounds, picnic areas, or beaches specifies
terrain requirements, necessary parking criteria, necessary facil-

ities, types of access roads and layouts of the areas, but it has
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neglected to provicle an economic basis for choosing the degree of
facility development to be provided.
I·

Much of the development has

followed essentially a trial and error process.

Small initial facil-

ities have been enlarged as use increased .

•

In addition, an important factor in developing the surrounding
land area for recreation is to make all usable land as easily
accessible as possible.

Provision of many access roads aids in

utilization of available areas for picnicking, camping and sightseeing.
Developing a methodology for applying economic criteria to
sizing reservoir recreation facilities has been a basic research
need.

It is known both intuitively and by examining existing reser-

voir sites that the degree of development should depend upon many
factors: location of the site, size of the reservoir, expected
numbers of visitors, and type of use (day use, weekend use or

"

vacation use),

Marginal economic analysis provides consistent

criteria for determining the influence of the factor on the areas which
should be provided for recreation, After the facility size has been
optimally determined, then the terrain and other physical characteristics of the site should be used in finalizing the design.
Little work has been done on the cost effectiveness of particular measures in promoting visitation. With regard to analysis of
total project benefits, the work has been more extensive (1).

The

problem is that much of the work has concentrated on total benefits
but neglected evaluation of marginal benefits and costs with respect
to reservoir size, the type of analysis necessary for selecting the
degree of development.
Several methods for analysis of total project recreation
benefits have been devised.

The most widespread method is to

select an average value of the recreation experience to the user.
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and multiply this value times the predicted number of users to get
the total benefits (15, p. 12).

The major weakness of this method

is the arbitrary choice of the value of a recreational experience.

It

may be adjusted according to the quality of facilities, but such
variation is essentially a value judgement. Another weakness is the
failure to consider size of the site as a factor which influences the
value of the experience as well as the number of visitors.
Another method involves estimation of total benefits by equating
them to expenditures incurred for goods and services necessary to
enjoy the recreation experience.

Such expenditure would include

traveling cost, extra cost of food and lodging above what would
otherwise be spent at home, equipment, and fees (14).

Excessive

benefits res ult from this approach if a 11 recreation related cos ts
rather than those incremental to a specific experience are used to
justify a reservoir site.
A third method of estimating total benefits involves questioning
visitors in order to see what they would be willing to pay to use a
certain facility.

One difficulty with this method is the high cost of

questioning. A great deal of care must be exercized to insure one has
authentic answers from a random cross section of visitors (15, p, 13).
Another method involves use of the cost of an alternative means
of providing equivalent recreation facilities (15).

Total benefits

are said to be the cost of the least expensive alternative which
provides similar quality facilities.

This method is useful in comparing

projects, but it cannot place a good absolute value upon benefits
accrued through any given project.
The method becoming the most widely accepted is based on use
of a simulated price-visitation demand curve based on travel distance
and cost of travel.

An equation of the form
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m

v= \
i= 1

•

KP. /d.
l

n

(1)

l

is used to estimate visitation at a site where V is the estimated
annual number of visitor-days, P is the population of each of m
geographical areas into which the surrounding countryside may be
divided, dis the distance from the site to each area of population
P, n represents a relationship between distance and visitation, and
K describes the propensity of the individuals in the areas of consideration to visit the reservoir site (15).

Regression analysis of visita-

tion data to similar reservoirs is used to determine Kand n.

After

obtaining satisfactory values for Kand n, the equation is used in a
procedure developed in detail by Clawson and Knetsch (1) to obtain
a demand curve.

'

curve.

Total benefits equal the area under the demand

The major difficulty in applying this method is in selecting

appropriate values of Kand n,

The propensity of a given population

to visit a given reservoir for recreation is influenced by at least
four factors:

the socio-economic characteristics of the population,

the nature of the route between the population center and the reservoir,
the availability of other recreation reservoirs to the population, and
the characteristics of the reservoir site (15, p. 25).
The first three of these factors govern K, the propensity of a
given population to visit a given site,

Tussey examined each of

these factors by statistical correlation (15).

It is the fourth factor

which governs the influence of reservoir size and degree of facility
development on visitation and is thus the primary matter of concern
in this study,
Conceptually, the factors may be separated by introducing the
concept of potential visitation, the visitation which would enjoy a
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site were there no facility or capacity limitations.

The potential

visitation would be associated with an indefinitely large site.
and n could be determined on this basis.

K

Visitation to an actual

reservoir would be lower than this value as determined by crowding
and limitations on the kinds of facilities provided.
All the available procedures for estimating total costs and
benefits have obvious weaknesses and all fail to satisfactorily
incorporate effect of reservoir size upon the benefits or costs.
They do not account for the variation in visitation when a larger
facility is provided.

Hopefully, this study will introduce some new

ideas on the nature and magnitude of the variation of visitation,
cost, and benefit with facility size.
MARGINAL ECONOMIC ANALYSIS
Economic analysis has many advantages as a method of
estimating the optimum size of a reservoir recreation facility.

It

provides recreational benefits and costs which can be compared to
costs and benefits of flood control, navigation, or other water
resources development objectives.

Being able to express recrea-

tional costs and benefits in the same terms as other purposes allows
one to compare relative merits of alternative purposes in multipurpose project design.
Another advantage of benefit analysis is that it allows a
project to be evaluated in terms of resulting costs and benefits,
rather than by using the alternative cost approach of comparing one
project with another.

When a fixed objective is manifestly desirable,

the alternative cost approach can be used to find the way to accomplish it at least cost; but it provides no measure of the desirability
of the objective.
In the past, recreation was considered by many to be an
- 8 -

intangible benefit.

Many have doubted whether recreation benefits

could ever be made commensurable with benefits. for other project
purposes (12).

Through improved methods of data collection and

extensive study, values can now be attached to the unit benefit of a
reservoir recreation experience.

Improved methods so far concentrate

on total benefits and costs for a defined facility; whereas, this study
emphasizes the development of the many relationships involved in
marginal analysis of benefits and costs to select a facility size.
The basis of this type of marginal analysis must be the development of supply and demand curves with respect to some measure of
size.

The efficiency goal is to maximize the total national welfare.

However, the effect of the normal recreation reservoir upon those
more than several huridred miles away is negligible. Application of
the criteria of welfare economics means for practical application
<

purposes using second order of economic efficiency (15). Such
economic considerations as income redistribution, preservation of
historical or scenic sites, and economic stabilization are not to be
ignored; but due to their controversial and often impossible to quantify
nature, they are in practice separated from evaluation of the above
economic consequences and then combined in the final decision
making as intangible factors. While total income is maximized
in the supply-demand relationship, extra market project consequences
should not be taken lightly.

For certain reservoir sites, historic,

scenic, or ecological values may exceed the economic benefits
derived for a proposed project.
Thus, the approach to obtaining the supply-demand relation•

ship is to estimate all costs and benefits (as determined by visitation) associated with the project for a variety of sizes and to convert
these total costs and benefits to annual, then marginal costs and
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benefits with respect to some acceptable measure of project size.
Because the goal is optimization of: size, the best measure of size
would in many ways seem to be visitation since accommodating
visitors is the purpose for providing the recreation facilities.

The

marginal cost curve with regard to visitation would by using this
measure of size be determined by finding the increase in visitation
resulting from an increase in cost to provide more recreational
facilities.
A general supply-demand relationship is illustrated in Figure
1 with the quantities noted as they would be used in analyzing
reservoir recreation,

The marginal cost curve is obtained by finding

A

'\s4

-

-----Demand Curve (Marginal Benefit Curve)

B

-

"'
::E"' .L
.....c:
e'

Supply Curve (Marginal Cost Curve)

Size

Figure 1: General Supply-Demand Relationship
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the slope at a series of points on a curve of total annual cost versus
size and plotting the slope against the corresponding visitation.
The marginal cost per visitor is the change in cost associated with
a unit change in visitation.

Strictly speaking, the supply curve only

encompasses the rising limb of the marginal cost curve.
The marginal benefit curve traditionally developed in recreation
benefit analysis cannot be used as the other half of the supplydemand relationship required for reservoir sizing.

The abscissa is

measured in terms of visitation as determined by the cost of travel
to the site rather than by facility size (15, p. 137).

However, the

analysis based on Eq. l provides a value for a potential visitor-day
at a reservoir site.

This value will be used to convert visitation from

people to dollar units while the actual marginal benefit with respect
to reservoir size must be obtained by determining visitation variation.
The project size represented by D (Figure l) represents the
optimum size of the project since it is where the marginal cost and
benefit curves intersect.

Total benefits of the optimum project are

equal to the area under the demand curve (ACDE).
DIFFICULTIES :WITH MARGINAL ECONOMIC ANALYSIS
Even though marginal economic analysis is probably the most
appropriate method for examining alternative degrees of reservoir
recreation development, the difficulties which have restricted its
use must be overcome by more research.

First, a suitable measure

of size on which to base marginal analysis must be chosen. While
measuring size in visitation units was advocated above, there are
other potentially satisfactory measures of size including:
l.

Annual visitation to the site in visitor-days,

2.

Area of extra land on which recreational facilities
are to be placed,
- 11 -

3.

Surface area of the reservoir, or

4.

Miles of shoreline around the reservoir.

Each may have some advantage.

However, use of visitation as a

measure of size seems to be the best choice because the reservoir
is being designed to accommodate people. Use of one of the other
measures requires an intermediate step of relating physical size to
visitation and thereby slightly complicates the analysis.
If visitation is selected as a measure of size, facility cost

must be determined as a function of visitation. This requires
development of capacity coefficients describing recreation use per
unit area.

The required cost analysis must include cost allocation

of joint facilities.

The economic justification of most reservoirs

depends, in part, on purposes other than recreation.

Thi:s presents

the question of whether to omit the cost of the dam and land beneath
the water or include some part of it" as being marginal to the
recreation development.

It is also difficult to determine what

portion of the land which surrounds the reservoir is truely marginal
to recreation and thus should be included.
Another difficulty is evaluating the complex interrela tionshiPs
among the demands for participation in the various recreation
activities. After total demand has been estimated, some basis for
proportioning provided facilities among activities must be available.
Many visitors take part in three or more different activities in a
day.

More campers may be attracted to a site if good beach facil-

ities are there.

Because of this type of psychic interrelationship,

independent demand curves for each activity cannot be determined
(7).

Due to this lack of independency, an economic optimum activity

composite cannot be determined by employing marginal rates of
transformation.

Thus, some other means of determining the optimum
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combination of facilities must be used.

The prevailing method is to

provide facilities divided among activities according to current

-

activity participation records at similar locations.
The last major difficulty is in quantifying the effect of size on
visitation.

The factors other than size (population, socio-economic

characteristics, route quality, and the availability of alternative
recreation sites) may be considered as affecting potential visitation.
Of these factors, proximity of the reservoir to large population
centers has been shown time after time to be the statistically most
significant (15).

However, the full potential visitation cannot be

accommodated by a very small facility.

A procedure is needed for

determining the influence of facility size on the visitation which can
occur.
Even though several problems exist when the marginal economic
analysis is used, it is thought to be the best available method.

In

addition, further studies to resolve the areas of difficulty should
result in a better understanding of how each factor affects the analysis.
With such increasing knowledge, application of marginal economic
analysis to sizing reservoir recreation facilities should be increasingly valuable as a planning tool.
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Chapter II
MEASURING RECREATION DEVELOPMENT
KINDS OF FACILITIES
Recreation requires space. Some of the space is on the surface
of the body of Water. Some is on the land around the shoreline.
Generally speaking, a greater degree of recreation development
results as more space is made available for recreation. Specifically
speaking, the situation is more complicated.

The total space

devoted to recreation must be allocated among specific activities.
The degree of recreation development depends on the area provided
for enjoying each recreation activity.

The two kinds of areas to be

allocated are water area and land area.
THE BODY OF WATER
Boating, fishing, swimming, and water skiing occur on the
water area.

The surface of the reservoir does not remain constant.

It changes with time.

It peaks during flood crests and is graduallly

reduced as water is withdrawn for beneficial use.

The "permanent

pool" is water which can be expected to be in the reservoir during
the recreation season.
Because use of a portion of the lake surface area for one
purpose is often incompatible with use of the same portion of the
surface area for another purpose, the available area must be
allocated by activity.

Motor boats cannot be allowed in swimming

areas.
The fraction of the cost of the body of water which is

marginal to recreation is normally very small.

This is because few

reservoirs are constructed so\ely for recreation.

The primary purpose

of reservoir construction is more likely to be flood control, water
supply, or some other purpose. If the size of the reservoir is
uneffected, its use for recreation has negligible effect on construction or operation cost.
The cost marginal to recreation of providing the body of water
is more likely to stern from benefits lost to other purposes because
of a larger required permanent pool. For example, in the case of
flood control, a recreation cost might arise due to the restriction
imposed on fluctuation of the water surface elevation.

The opera-

tion of a reservoir for flood control necessitates fluctuation of the
water surface elevation while water is being stored to minimize
downstream flood peaks. If a heavy rainfall causes a large runoff,
it is also desirable to have a relatively low water surface elevation
so that much or all of 'the expected runoff can be stored in order to
minimize downstream flood damage.

In contrast, operation of a

reservoir for recreation requires minimum fluctuation about a relatively high water surface elevation.

Therefore, if a reservoir is

used for both recreation and flood control, limiting fluctuation or
restricting drawdown to increase recreation benefits would
decrease flood control benefits.

The lost flood control benefits

must be added to recreation costs.

Similarly, yield for water

supply and other project purposes is reduced by restricting withdrawals through limitations on fluctuation and drawdown.
value of the lost yield is another recreation cost.

The

The economic

tradeoff among recreation benefits, flood control benefits, and
yield benefits was explored in detail by Dowell (2).
Thus, the body of water provides a source for a variety of
activities -- boating, fishing, swimming, and water skiing.
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'rhe dam and reservoir comprise a major part of total project cost,
but the cost marginal to recreation is quite small.

The water surface

area available for recreation is determined primarily by the needs of
other purposes.

However, allocation of the available area among

recreation activities remains a major recreation planning problem.
THE SHORELINE AREA
Camping, picnicking, and sightseeing occur on land area
near the body of water.

The first two require provision of specific

complementary facilities: picnic tables, sanitary facilities, fireplace!;, play areas, etc. Sightseeing increases with a clean and
esthetically pleasing environment.

In addition, the water surface

activities require complementary shoreline facilities: beaches,
boa tdocks, fishing banks, etc.

The available shoreline must also

be divided among activities,
The cost of shoreline facilities is normally very small compared to that of the dam and reservoir.

However, their entire cost

must be allocated to recreation because they serve no other useful
purpose.

In addition, land not needed for other purposes must be

purchased for them.

The mutual attraction of related activities in

a balanced recreation development is such that lack of high quality
shoreline facilities would decrease participation in water based
activities and overall visitation.
development is necessary.

Thus, complementary shoreline

This development includes a de qua te

activity areas and parking facilities, access roads, suitable
camping locations, picnic tables, places to obtain boating and
camping supplies, drinking water, and necessary sanitary facilities.
One important factor in providing adequate facilities is
constructing and maintaining them in such a way as to preserve
the es the tic values at the site. Esthetic beauty is necessary to
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attract repeated visitation.

In contrast, unattractive facilities would

cause vis'itors to be reluctant to return.

.

Many visit the reservoir

with no intention of using any of the facilities.
pleasure driving or sightseeing.

They wish only to go

Esthetic consideration is of utmost

importance in attracting sightseers.
Consideration of attractiveness is necessary while planning
the site. With proper planning, the cost of maintaining activity
areas can be reduced.

Provision of waste disposal facilities in all

areas and regular maintenance are essential.

Many short publica-

tions provide procedures and planning ideas for providing attractive,
usable camping and picnicking areas (13).
PROVISION OF FACILITIES
The task of planning a recreation reservoir can be subdivided
into two main parts: selecting the size of the overall facility and
dividing the land and water areas among activities.

The first

problem will be subsequently attacked by the procedure to be
developed in the following pages.

The division of the land and

water areas among activities will be discussed qualitatively here.
From a purely economic viewpoint, the optimum degree of development for each activity would provide for the visitation at which their
supply and demand curves intersect.

The optimum activity composite

would provide for the sum of the optimum visitations for the individual activities.

However, this method of analysis -- combining

individual activity optimum visitations to obtain a composite -would be valid only if the demand for participation in each activity
were independent of that for the others.
In the case of reservoir recreation, this requirement for
validity is violated by the interrelationships among demand for
the various activities.

The quality of one activity affects
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participation in the others.

Crowding has a psychological effect

on visitor enjoyment and participation. Although a reservoir recreation area may not be physically crowded on a summer Sunday afternoon, the concentration of people may be too great to provide the
feeling of solitude or even privacy that many people expect.

The

sight of a crowd on the beach or a row of cars alongside the road to
the picnic area might cause some to not continue to the activity area.
These psychological factors mean the demand for one activity depends
on both the number of others simultaneously participating in that
activity and the kinds and quality of complementary activities.
Both relationships violate the independent demand requirement of
marginal economic analysis.
VISITATION GROUPS

Because economic decision criteria cannot be used, experience
in planning reservoir sites and in dealing with various types of visifors
is imperative in allocating land and water area among activities.
Study of facility use at other similarly located reservoirs would
usually be very helpful in the analysis.

The expression "similarly

located" implies reservoirs appealing to the same type of visitation.
Reservoirs attract three basic categories of visitation -- day use,
weekend use, and vacation use.
Day use consists of visitors who come any time during the
week and do not stay overnight.

Their trip to the reservoir is

most likely for the sole purpose of recreation at the site. Weekend
use cons is ts of visitors who come for periods of one or two days,
primarily between Friday night and Sunday night.

Vacation use

consists of visitors who come to the site for more extensive periods

ot stop by on one leg of a longer trip.
Most reservoirs will have some visitors who fall into each of
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these groups.

However, it is not unusual for one group to predomi-

nate over the others at a particular location.

The predominate

group depends on the distance most of the visitors have to travel to
reach the site.

Day-use visitors tend to live nearby, and weekend

and vacation visitors tend to live at progressively greater distances.
Tussey (15, pp. 78-80) found breaks at 50 and 150 miles in his
curve relating incremental distance traveled to reach a reservoir
to total distance from home to reservoir.

It may be hypothesized

that the distance intervals which most nearly fit each category are:

1.

Day Use -- travel distance of O - 50 miles from site,

2.

Weekend Use -- travel distance of 50-150 miles from site,

3.

Vacation Use -- travel distance of more than 150 miles.

Those living in each distance intenral tend toward a distinct group
of desired activities, a distinct attitude toward crowding, and a
distinct time lag between planning a trip and going.
Day visitors live within minutes of the site. They can make
a quick decision of whether or·n'ot to have a picnic or go swimming.
Weather forecasts have a lesser effect upon visitation than
observed conditions because if the forecast comes true nothing
is lost but a few miles of dtiving and a little time.

The close

proximity to the reservoir site and opportunity for a quick decision
about visitation is characterized by visitation spread more evenly
over the day, week, and year. A day visitor is most likely to
engage in a single activity such as swimming. He is less likely
to object to crowded conditions than do vacationers.
Weekend use is more directly affected by the weather. When
a travel time of a few hours is necessary to reach the site, cloudy
skies might influence the decision adversely whereas a ten-minute
drive (as in the case above) would not be so costly as to postpone
the trip. Weekend visits are less frequent than those in the
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day-use type, but they usually are of longer duration.

The duration

is characteristically the weekend as the name implies.

Due to the

influence of the weather conditions and the longer travel distance,
weekend type visitation is less even throgghout the year, with
relatively higher peaks in the summer months.
Vacation visitation is often from a distance of more than 150
miles and may be associated with substantial investment in recreation equipment. Visitors are most likely to engage in a multitude of
activities and more likely to ge camping than those in the other groups.
They are also more sensitive to crowded conditions because they
have more opportunity for site selection in the vacation-traveldistance range than do day-use visitors who are not willing to
travel very far.

Vacation visitation is most confined to the period

when the weather is optimum and many working people are vacationing.

For these few months, demand is much higher than for the

remainder of the year.
RESERVOIR CLASSIFICATION

A particular reservoir site may be classified according to the
visitation group most likely to use it extensively. A site within
50 miles of a large city would have the greatest appeal for day use.
Greater distances to population centers would shift the predominate group to weekend and then vacation visitors. All this
discussion is to say the optimum activity composite will vary
with reservoir distance to population centers.
Thus, analysis of the primary source of the visitation would
allow a future site to be placed into one of the three categories.
By observation of activities provided and their use at similar
existing reservoir sites, some basis for allocating space by
activity could be provided.
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Once information from other reservoirs appealing to a similar
combination of visitor groups has been used to estimate activity
use at a proposed site, the development of capacity coefficients
would aid in the selection of the size of areas to be allocated to
the various activities.

These capacity coefficients represent the

number of persons who can typically be adequately accommodated
simultaneously per unit size of the facility in question, usually
measured as an area or length of shoreline.

Many agencies who

are involved in recreation planning have made determinations of
these factors for water-related activities for various regions of
the country (29).

Capacity coefficients should probably also vary

from higher va.lues for day use to lower values for vacation use
because of a variation in attitude toward crowding.

The total

demand can be determined for a site on the basis of population
and distance of the:Jpopulation from the reservoir.

Experience

data from other reservoirs provide guidelines in dividing the total
demand among activities,

The capacity coefficients provide an

estimate of the necessary area required to accommodate those
interested in each activity.
LOCATION OF ACTMTY AREAS
The wants of those participating in the several activities
and the es the tic appeal of the total area make it important to
locate the various activity areas advantageously so as to make
maximum use of the overall facility.

The nature of people to

enjoy being near to water to view the scenery would dictate that
each activity area be near or at least within site of the shoreline,
In addition, emphasis should be placed upon provision of many
small areas of use for picnicking, swimming,and camping rather
than a few, large areas, Small areas have greater appeal because
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they appear less crowded, more scenic, and allow a degree of
privacy which lessens the psychological effect caused by a large
crowded beach.

In providing smaller areas, more access roads are

necessary.
DEFINING RECREATION CAPACITY

Actual visitation to existing reservoirs on peak days indicates
a measurable degree of crowding and provides the basis for
capacity evaluation.

It is logical to hypothesize that capacity

may be defined in two different manners.

Physical capacity is the

maximum number of persons who can use the facilities simultaneously.

However, few if any facilities are used to their physical

capacity due to the accompanying psychological effect.

Psychologi-

cal capacity is the maximum number of persons who are willing to
use the facilities simultaneously.

This capacity would vary

according to the feelings of the visitors.
might feel differently about crowding.

Day and vacation users

By using the latter definition,

the crowding effect may be more logically incorporated into analyzing optimum facility improvement.
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Chapter III
DESCRIPTION OF RESERVOIRS STUDIED
INTRODUCTION
Empirical experience data was collected from three reservoirs
in attempting to fabricate a method for optimizing the degree of
recreation development.

They were Rough River and Dewey Reser-

voirs in Kentucky and West Fork of Mill Creek Reservoir in Ohio
(Figure 2). These three sites were selected due to their convenient
location so that field surveys could be easily made to obtain needed
data and due to their wide variation in proximity to a major population center, size, intensity of use, and visitation distribution.
All three are Corps of Engineers' projects, and much valuable
information was made available by this agency.

The variation

among the three reservoirs in use characteristics allowed study
of the effects of crowding and proximity to a large po'pula lion upon
visitation trends.
ROUGH RIVER RESERVOIR
Rough River Reservoir is located in the north-central region
of Kentucky.
of Grayson.

Most of the recreation facilities being in the county
Construction of the project was completed in the

latter part of 1959 at a total cost of about ten million dollars.
The water surface area at seasonal pool elevation is 5100 acres;
it is much larger than either of the other two sites.

The surrounding

land area available for recreation is about 5000 acres (22).
The Kentucky Department of Parks established Rough River
State Park in 1961 (8) along the lakeshore immediately above the
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dam.

Their initial investment was about 1. 5 million dollars and it

provided many extra recreation facilities.

In addition to the boating,

water-skiing, and sightseeing made available by Corps of Engineers'
construction, the park system added a large beach for swimming,
many camping and picnicking facilities in the vicinity of the dam,
and an ultra-modern lodge to accommodate overnight visitors.

In

addition to the facilities provided in the Rough River State Park area,
Table 1 provides a summary of the recreation facilities at the other
sites located around the lake at points located on Figure 3.
Other nearby recreation areas include Mammoth Cave National
Park, 30 miles away, and Nolin Reservoir, another Corps of Engineers' project, about 20 miles away.
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Rough River Reservoir is in an essentially rural area;
however, the presence of Louisville, Kentucky, with a metropolitan
population of about 800, 000 only 60 miles away, provides a large
potential visitation for the site. Other large communities about
50 miles away from the site are Owensboro, Fort Knox, Bowling
Green, and Elizabethtown, Kentucky, and Evansville, Indiana.
The visitation from these cities adds to more than half the total.
While potential weekend and vacation visitation is quite
large, the total visitation is reduced by a small population in the
day use range.

The size of the water area and shoreline facilities

are such that the capacity of the site to accommodate recreation
visitation is never reached.

Even on summer weekends when the

visitation is highest, few visitors feel really crowded.
DEWEY RESERVOIR
Dewey Reservoir lies on John's Creek in Floyd and Pike
Counties in Eastern Kentucky.

The project was completed by the

Corps of Engineers in mid-1949.
$6,422,000 (21).

The total project cost was

At recreation pool elevation, the water surface

area is 880 acres, about one-sixth that of Rough River. In addition
to the water area, an additional 13, 000 acres of surrounding land
was purchased. At the time of construction of the project, recreation was not included as a project purpose. However, the additional land area was purchased with the expectation of future
recreational development.

This development has already begun

and is still taking place (21).
As at Rough River Reservoir, a state park has been established
at Dewey Reservoir by the Kentucky Department of Parks.
Jenny Wiley State Park.

It is

The Brandykeg Dike area contains nearly

all of the recreation facilities.

The remaining

- 27 -

land surrounding

the water is very steep hillsides and essentially open and undeveloped,
Much of the shoreline is not accessible except by foot or by boat,
Most water-based recreation activities are available at Dewey
Reservoir.

These include swimming at two small beaches, camping

areas for trailers and tents as well as cabins in another loca lion,
numerous ramps for launching boats, several picnic sites, a roadway
from Brandykeg Dike to the damsite to make sightseeing possible,
and a number of non-water-oriented facilities provided at Jenny
Wiley State Park.
Dewey Reservoir is in the mountain area of Eastern Kentucky,
No large urban areas are nearby.

However, the local counties have

a population density averaging nearly 100 per square mile as
compared to about 30 per square mile at Rough River Reservoir and
over 2000 per square mile at West Fork of Mill Creek,

The main

nearby metropolitan area which provides visitation to the site is that
about 75 miles to the north containing Ashland, Kentucky and
Huntington, West Virginia, and having a population of about 200, 000.,
Most of the visitation is from Floyd, Pike and adjoining counties,
Dewey visitation is also most intense on weekends, but day use
is much more extensive than at Rough River.
Dewey Reservoir, in addition to emphasizing weekend use,
is also similar to Rough River in being too large to be used to
capacity.

However, it does have more intensive use per acre of

water area, with roughly equal visitation (Table 2) on about onesixth the area,
WEST FORK OF MILL CREEK RESERVOIR
West Fork Reservoir is another Corps of Engineers' project.
It is located in Hamilton County, Ohio, only ten minutes from

downtown Cincinnati by car.

Some. of the features of this reservoir
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area are unique.

Although the dam is operated by the Corps of

Engineers, the water area (185 acres) and surrounding 2000 acres
are controlled by the Hamilton County Park District.

The reservoir

and park are known locally as Winton Woods.
Most of the area now included in the park was originally
purchased by the Federal Government in 1936 for use as a housing
project.

It was never developed; and this land, in addition to

more adjoining land either purchased or donated to the Hamilton
County Park District, now forms Winton Woods.

Although the park

was in existence in the 1940's, its visitation was very low.

In

1953, the dam was completed; and visitation markedly increased.
In 1952, the visitation was 275, 000 while the 1953 visitation was
765, 000.

Visitation trends since 1953 are shown on Table 2.

Due to the small water surface area at Winton Woods of 185
acres and the recreation policy of the Hamilton County Park District,
emphasis has been placed on shoreline activities.

Regulations

prohibit swimming or water skiing due to below standard water
quality.

Visitors are not allowed to bring their own boa ts to prevent

congestion on the water surface.

About 150 boats are available for

rent to those who wish to go boating or fishing.
severely restrict use of the water area.

The limitations

A large family camping

area, a group camp area, numerous small picnic areas and good
roads throughout the park for sightseeing are available.
Even though there are fewer available activities concentrated
within a more limited area than at the other sites, the visitation
is almost twice as much.

The intense visitation is primarily

caused by close proximity to Cincinnati and its suburbs and a
resulting very high day use.

Weekend and vacation visitation is

much more limited at Winton Woods than at the other sites.
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SUMMARY
Table 2 lists the annual visitation at the three sites for
several years.

These values have been adjusted to exclude all

non-water-related activities such as golf, horseback riding, and
dining at the lodges.

Also excluded was fishing since fishing

capacity depends primarily on biological factors not evaluated in
this analysis.
The three reservoirs chosen to provide the empirical data for
this study provide a wide contrast in physical site characteristics.
It is hoped that the contrasts which exist in day use versus weekend

use, rural versus urban location, 185 acres versus 5100 acres of
water surfaqe area, and very high versus very low use per acre of
water surface area will provide a basis for analyzing marginal costs
and marginal benefits adequately.

TABLE 2

ANNUAL VISITATION AT THE RESERVOIR SITES*
(Expressed in Thousands of Visitors)

Dewey
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
Source--(5, 19, 20)

500
600
470
375
180
210
351
350
400
677
4 76
670
804
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Rough River

260
554
670
778
836

Winton Woods
940
1190
1190
900
1382
1341
1271
1507
1444
1455
1304
1216
1322

Chapter IV
RELATING COST TO CAPACITY
RESERVOIR RECREATION COST
In estimating the cos ts of providing reservoir recreation,
the total cost of the entire project must be divided between recreational cost and non-recreational cost (the cost for all other project
purposes).

The costs of a multipurpose project include separable

and non-separable costs.

The cost separable to recreation is

the portion of the total cost which would not need to be spent
were recreation not a project purpose.

This type of cost includes

the cost of recreation facilities and the value of the extra land

,

needed for them.

WASHtNGTON WATER
RESEARCH CENTEII U8RAIIY

One problem in estimating the separable cost of recreation
is establishing how much of the land surrounding the reservoir
would not be necessary if recreation were not provided. A definite
rule should be established defining an outer boundary of land which
would be needed were recreation not a project purpose.

One

possibility for a boundary would be the dam crest elevation.
The sum of the separable costs attributable to each purpose
of the project is nearly always less than the total project cost.
The residual non-separable costs must be allocated among the
purposes on some arbitrary basis.

The non-separable costs pay

for the portion of the dam and appurtenances, land beneath and
immediately adjacent to the reservoir surface, minimal access
roads, and reservoir operation not separable to some other project
purpose.

It is only fair to allocate some portion of the non-

separable costs to recreation as an expressed project purpose

in distributing financial cost for project repayment,
Reservoir recreation is provided by a combination of water and
shoreline development.

For the normal multipurpose reservoir,

provision of the water has little, if any, separable cost with
respect to recreation. A portion of the non-separable cost may
be allocated to recreation, but this is a financial obligation having
no effect on decision making by marginal economic analysis.

Other

purpose benefits may be lost by reservoir operation to maintain a
constant recreation pool (2), but their evaluation has been made
the subject of a separate study.
The primary cost affecting marginal economic analysis is that
of the shoreline activities.

This cost may be divided into two parts

-- the cost of the facilities themselves and the cost of the land on
which they are located.

Each will be evaluated separately based

on data collected from the three reservoirs.
At first, only the cost of the recreation facilities and their
maintenance were expressly incorporated into the derived cost
curves.

The unit cost of land varies greatly with local site condi-

tions; and, thus, land cos ts could not be incorporated into a general
curve.

Land cost will, however, be explored in a later chapter.

COST OF RESERVOIRS STUDIED
In the analysis of the cost of recreational facilities, there
are two basic categories -- capital costs and operation and maintenance costs.

Capital costs provide such items as camping

sites, boat docks, and picnic tables, the initial capital investment.
Operation and maintenance costs are spent to keep the site clean
and tidy, supervise facility use, and provide visitor services.
INITIAL COST DATA
For the three reservoirs studied in this report, information
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was obtained for all recreational facilities listing the amount of
money invested and year of investment.

From the time series of

investments and amounts, a summary of capital costs by year was
made for each reservoir. Operation and maintenance cos ts were
also obtained by year.
In determining the cost of recreation at Winton Woods,
annual reports of the Hamilton County Park District for yearsl9531966 were used (5). The financial statement appearing in each
report provided the needed expenditures and permitted their division
between capital investment and operations and maintenance costs.
Certain costs found in the financial statement such as Concessions
Operation, Public Relations, and Revenues from motor vehicle
fees and concessions were omitted in order to:
1.

Put the costs of all three reservoirs on a comparable
basis,

2.

Exclude costs related to recreation activities which
are not truly water oriented, and

3.

Exclude costs offset by revenues for commercial
type activities.

Rough River Reservoir was not opened for public recreation until
1962.

Due to the short subsequent record and large capital invest-

ment at the beginning of the project, it is more difficult than for the
other two reservoirs to establish an accurate cost-visitation relationship. The cost information was obtained from the Kentucky Department of Parks and the Report of the Chief of Engineers of the Army
Corps of Engineers {21, 22).
Jenny Wiley State Park at Dewey Reservoir has been associated with a large expenditure at the site to improve and expand
recreation facilities and with publicity distributed over the state
and country.

The Jenny Wiley State Park was created about 1960;
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but previously a much sma.ller level of expenditure by the Corps
of Engineers did provide some recreation.

Costs at Dewey were

also obtained from the Kentucky Department of Parks and the Chief
of Engineers (21, 22).
ADJUSTMENT FOR EQUIVALENT DOLLARS
After determining the cost in current dollars for each year
the project was in existence, it was necessary to account for the
changing value of a dollar.
a do.llar in 1960.

A dollar in 1950 was worth more than

In order to account for this change in value of

money from year to year, the usual procedure is to adjust the
values to some constant base by use of a cost index.
The price index used in this report is the Bureau of Reclamation.
Building Cost Index.

This index was chosen because it is based

on contract bid prices of items commonly used in water resource
projects.

Thu:.. it incorporates the change in productivity of equip-

ment and technology which help determine the true time pattern of
worth of dollars spent on water resource projects.
index values for the years 1949-1966.

Table 3 lists

For this study, all values

were expressed in 1961 dollars by applying the 1961 base factor.
ADJUSTMENT FOR DISCOUNTED AVERAGE ANNUAL VALUE
Each capital cost must be converted to a discounted average
annual cost.

This was done by determining an average life for

the facilities and using a discount rate to distribute the entire
investment in the facilities over their useful life.

The discount

rate being used in 1968 by the Corps of Engineers is 3 .125% (26).
In determining the life of the facilities, it was not found worthwhile
to analyze each investment item separately.

An average life of

15 years was derived by reviewing the various items found at the
sites and described in Bulletin "F" of the U. S. Treasury
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TABLE 3
BUREAU OF RECLAMATION, BUILDING COST INDEX*

Year

USBR
Index

1961
Base

1949
1950
1951
1952
1953
1954
1955
1956
1957

94
97
114
115
115
116
120
128
13 1

67
69
81
82
82
83

Year

USBR
Index

1958
1959
1960
1961
1962
1963
1964
1965
1966

13 2
13 7
140
140
143
146
150
155
162

86
91
94

1961
Base
94
98
100
100
102
104
107
111
116

* Source: (11, p. 27)

Department (30).

Thus, each capital cost was multiplied by the

capital recovery factor for a 3. 125 percent discount rate and 15
year life.
COST PER VISITOR
Comparison of the discounted average annual costs by year
in 1961 dollars on Table 4 with the visitation by year on Table 2
shows both to be increasing with time.
the key in trying to relate the two.

This common trend became

It seemed reasonable to

hypothesize that the increased visitation was in large part caused
by the increased facility development purchased by the increased
expenditures.

One might argue that the increase might also be

caused by a growing propensity toward outdoor recreation and a
growing population.

However, these reservoirs are in an area of

fairly stable population; and each has, since its construction, had
a new reservoir built nearby.

Both factors would indicate a fairly
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TABLE 4
ANNUAL RESERVOIR RECREATION COSTS IN 1961 DOLLARS*

Winton Woods
Rough River
Dewey
Capital 0. and M. Capital 0. and M. Capital O. and M.

Year

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966

$18550
25675
30095
37525
42020
46965
49120
51535
53770
55260
60055
65185
65645
66300

$69510
68675
70930
81320
82980
90425
70410
66000
79000
88235
90385
88785
85585
91380

- $

$

95155
131510
141345
158835
178255

$

79635
70080
56175
74340
129975

1510
85795
148030
150805
161515
171855

$ 4710
19625
33885
14200
15340
18465
54515
25010
41810
50000
55000
60540
37345
60980

* Sources: (5,8,21,22)
stable recreation demand becoil]ing more fully exploited by increasingly attractive facilities.
CAPACITY OF THE RESERVOIRS
The next step in the cost analysis was the determination of
the capacity of the recreational facilities provided by the expenditures at each site (p. 22).

This was done by observing the

facilities available for recreation at each site and applying derived
capacity coefficients.
CAPACITY COEFFICIENTS
The capacity coefficient relates the maximum number of people
who can be accommodated simultaneously per unit area dedicated
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to a particular activity.

In determining the appropriate values for

camping, swimming, picnicking and boating, psychological rather
than physical crowding was used as the basis.

This psychic

phenomenon affects each individual in a different way.

Some

prefer crowds while others prefer to be completely dissociated
from other people.

These varying attitudes actually cause the

capacity to vary daily according to the type of people there at a
given time.

In general, people are more satisfied if others are

within sight, but they usually desire that others be present in
small numbers.

Due to the subjective factors on the part of recrea-

tion participants which govern capacity coefficients, values had
to be estimated by observing the density of the crowds in picnic,
camping, boating, and swimming areas.

In determining the activity

coefficients, all observations were made on hot, Sunday or holiday,
summer afternoons, when most areas would be expected to be
near their peak visitation and, hopefully, at or near capacity.
In addition, sightseeing or visitation not associated with
any particular activity was included in determining the capacity.
However, sightseeing is not confined to a specified area, and
sightseeing capacity is better taken as a fraction of the total
capacity for other activities.

Surveys in the Kentucky area indicate

that sightseeing visitation is generally about equal to the total
of all other activities combined {3).

Thus, the total capacity for

accommodating the other four activities should be doubled to get
the total including sightseeing.
The capacity coefficient for swimming was determined at the
beach at Rough River State Park on July 4th.

A count was made,

and the area being used by the swimmers was determined.

By

defining the swimming area to include the beach and an area of
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water extending about fifty feet from the shoreline for the length of
the beach, the capacity coefficient was 600 per acre.

The coefficient

is in general agreement with the widely used values for swimming
ranging from 500 to 800 users per acre (29).

While many other

agencies prefer different values, it is believed that actual, onthe-spot, observations best incorporate the psychological basis of
cmwding, and the value of 600 represents conditions at these three
reservoirs.
Field observation of the capacity coefficient for boating is
complicated by the scattering of boats over nearly the entire surface
area of the lake.

For this reason, observations were not used,

The

literature (29) cites values of at least 15 acres and preferable 40
acres per power boat and 5 acres per rowboat.

The one exception

to this, as found by the writer, is the Corps of Engineers Grand
and Little Chariton Report (29, p. 25), which lists one boat per
acre as the standard.
able.

It is believed that this value is more reason-

In the annual report of the Corps of Engineers (17) for each

project, the number of peak-day watercraft is tabulated.

Table 5

lists several Corps of Engineers reservoir projects in the Ohio River
Valley, their peak day watercraft during 1966, and their surface
area at summer seasonal pool elevation.

The average capacity

coefficient on Table 5 of 1. 06 adds support to the use of 1. 0 boat
per acre as a valid capacity coefficient.

Through direct field

observation, it was determined that about 2. 5 persons per boat
was a good, average value.

Therefore, in converting the capacity

coefficient for boa ting to users per acre, the appropriate value
would be 2 . 5 .
The camping areas at West Fork of Mill Creek and Rough River
Reservoirs are well organized.
and readily distinguishable.

Each family camp site is numbered

For this reason, the capacity
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TABLE 5
BASIS FOR BOATING CAPACITY COEFFICIENT*

•

Surface
Area

Project
Crooked Creek
Delaware
Dewey
Dillon
Atwood
Charles Mill
Leesville
Pleasant Hill
Kanawha River
Cogles Mill
West Fork Mill Creek

3 50 Ac.
1300Ac.
llOOAc.
1560Ac.
1540Ac.
l350Ac.
lOOOAc.
850 Ac.
5100 Ac.
1400Ac.
183 Ac.

Peak
Watercraft

Watercraft
Per Acre

385
1057
1960
1485
1200
1054
1006
1253
6180
1310
154

1.10
0.81
1. 78
0.95
0.78
0.78
1. 01
1.47
1. 21
0.94
0.84

* Source: (17)

coefficient could be easily estimated by knowledge of the number of
sites, the gross area provided, and the average number of campers
per site.
acres.

At Winton Woods, 55 family camp sites occupied 19.4

These 55 sites, with an upper limit of 7 campers per site,

provide the camping capacity coefficient.

This was further verified

at Rough River Reservoir .. The value determined was 20 users per
acre.

Outdoor Recreation Space Standards (29) listed values for

family camping areas from 13 to 56 users per acre.
The psychological crowding effect is probably most noticeable
for picnicking.

This may be due to the ease with which one site

can be turned down and another chosen for eating packed lunches
out-of-doors.

One has less freedom in choosing sites for boating,

swimlining, or camping since the boat launches, beaches, and
camping areas are usually specified and more firmly controlled by
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some authority.

The use of actual observations, annual values of

total number of picnickers, and area and number of tables available
provided an estimate of the capacity coefficient of 50 users per
acre.

With reference to Outdoor Recreation Space Standards, values

range between 15 and 80 users per acre with many being near the
values specified here.

The capacity coefficients determined as

representing existing conditions at the three reservoirs of this study
are summarized on Table 6.
RESERVOIR ACTIVITY CAPACITY
Use of maps to determine the area used for each type of
activity at each site allows the capacity for each activity to be
found by multiplying the area available by the appropriate capacity
coefficient. Addition of the sightseeing capacity to the sum of the
capacities of the other four activities provides a total capacity for
the site.

This method produced the calculations and capacities

shown on Table 7.
By comparing these capacities and the water surface area of
each site, it is evident that no definite relationship exists between
water surface area and total capacity.

Total ca pa city is more

TABLE 6
VARIOUS CAPACITY COEFFICIENTS

Activity
Swimming
Boa ting
Camping
Picnicking
Sightseeing

Coeff. (Users Per Acre)
600

2.5
20
50
Equal to Total of Above
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TABLE 7
CAPACITIES OF THE RESERVOIRS STUDIED*

•
Activity

Rough River
Area Capacity

Swimming
Boa ting
Camping
Picnicking

3.3
5100
50
28

1980
12750
1000
1400

Area

Dewey
Capacity

5.0
880
73. 5
28

Winton Woods
Area Capacity

3000
2200
1470
1400

0
185
40
120

0
925**
800
6000

17130

8070

7725

Sightseeing

17130

8070

7725

Total

34460

16140

15450

* Source: Maps of reservoir areas

** Since

water-skiing not allowed, cap. coef. = 2

Boats
Users
= 5
Acre
Acre

dependent upon the development of shoreline facilities.

These

facilities attract a more intense use per unit of land area. As shoreline facilities are expanded, capacity increases by an amount
depending on the type of improvement.
ACTIVITY-DAYS VERSUS USER-DAYS
The capacity as determined above was expressed in the unit of
activity-day, defined as one day during which an individual engages
in a particular activity.

In contrast, a user-day is one day of recrea-

tional experience enjoyed at a site by one person.

The question

arises as to whether activity-days or user-days are appropriate for
expressing capacity.
If visitors engage in more than one activity a day, the total
number of user-days is smal1er than the total number of activity-days.
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This relationship is expressed in equation form as
U=fA
a t

(2)

where U is the annual ntmber of user-days, At is the annual number
of activity-days, and f

is the factor relating the two which may
a
be calculated on an annual basis from totals of U and At. The
question is whether f
capacity.

as so calculated is applicable to determining
a
The answer is no. In periods of peak visitation, visitors

seem to transfer among activities in such a way that each activity
area is being used simultaneously to capacity.

Thus, Table 7 shows

the capacity of all activities is activity-days.

However, annual

visitations will be expressed in user-days.
Even though f

is not used in determining capacity, it does
a
provide the reciprocal of the average number of different activities
participated in by a visitor throughout the day.

Studies (24) indicate

that a value of about 0.4 is appropriate.

The value off tends to be
a
larger for day-use type reservoirs and smaller for the vacation type.
A larger value off would be more likely to occur at reservoirs which
a
operate at or near capacity.
MARGINAL COST RELATIONSHIP
TOTAL ANNUAL COST
The cost and visitation data collected in a time series for the
three reservoirs studied were used to derive marginal cost curves.
The process began by plotting the total annual cost in 1961 dollars
(Table 4) versus visitation (Table 2) for corresponding years.

The

general shape of this curve was first predicted by qualitative analysis
of basic visitation trends (Figure 4) and later verified as much as
possible from the limited data (Figure 5) .
The relationship between the annual cost spent for recreation
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I

II

~

"'0

0

Ann1.:al V~sita tion
Figure 4: Theoretical Annual Cost Curve

facilities and the resulting visitation contains four phases (Figure
4).

These phases may be interpreted either as representing the

time sequence in the gradual development of facilities at a given
reservoir (any of the three reservoirs in this study for example) or
as reflecting alternate degrees of site development to be considered
in planning.
The curve begins in Phase I with the number of people who
would be attracted to the reservoir even with no investment in
recreational facilities or shoreline maintenance cost.

This number

would usually equal or be close to zero because almost any visitation would require some maintenance to prevent site deterioration.
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The visitation represented by Phase I is that which can be
attracted by a minimal maintenence cost spent to preserve the
natural environment.
However, there is an upper limit to the number of visitors
which can be attracted to a well maintained natural site. A further
increase can only be achieved by investment in facilities.

Reser-

voir oriented recreation facilities accommodate boaters, campers,
picnickers, and swimmers.

This investment is represented by

Phase II.
In cases where these facilities have been installed, visitation can again be substantially increased by relatively small
increases in expenditures for operation and maintenance to keep
the site and facilities more attractive (Phase III).

However, again

there is an upper limit to visitation to these improved facilities.
The upper limit may be imposed either by crowding or by exhausting
the potential demand for facilities of a given type. If the Phase II
facilities were not constructed too small, the upper limit is approximately the number of people defined as the potential visitation (p. 51).
More expenditures for improvement or expansion of the same type of
facilities will add much to the cost but little to the visitation.
Phase IV indicates this.
Theoretically, other plateaus may exist on the cost-visitation
curve representing the investment for other mixes of reservoir recreation activities provided.

However, the provision of the traditional

activities has become so standardized that there is no way to obtain
quantitative data for other kinds of activity development.

The type

curve of Figure 4 is generally applicable for the traditional activity
composite.
The coordinates of the rises in Phases II and IV and the leveling
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of Phase III on the total annual cost curve may be tied to physical
parameters.

The cost along the ordinate axis at which the plateau

of Phase III occurs is a measure of reservoir size.

Figure 5 shows

the level portion of the curve to be similar for Rough River and Dewey

•

and much lower for Winton Woods.
areas are also in that order.

The physical size of the lake

It is logical for a greater investment

in recreation facilities to be in order at a larger reservoir.
The distance along the horizontal axis at which the two rising
portions of the curve are located depend on the potential visitation
as determined primarily by the number of people living near the site.
In the curves of Figure 5, Rough River has the lowest density of
surrounding population and the greatest degree of recreation development.

The low population density produces a lower potential visi-

tation and thus restricts the number of visitors which can be
attracted by additional expenditure for site development.

The

large degree of recreation development means that the Rough River
site has been developed to a point of diminishing marginal return.
The present degree of development at the other sites does not appear
to have reached this point.
It was concluded that a characteristic annual cost curve can

be approximated from the general shape of Figure 4 and information
on the potential visitation and reservoir size.

To guide in estab-

lishing such a relationship for a proposed site, helpful curve
parameters are provided on Table 8.

Further studies based on

additional data are needed to define the relationship better.

All three curves on Figure 5 show the characteristic shape of
•

a rising limb, level region, and second rising limb.

The curves

begin at zero.

The height of the first rise varies with the size of

the reservoir.

Visitation at the second rising portion is governed
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TABLE 8
RELATIONSHIP BETWEEN TOTAL A..1\fNUAL COST
CURVE AND SITE PARAMETERS

Rough River

Dewey Winton Woods

Vertical Dimension
Annual Cost at Min. Slope
Visitation Ca pa city
Surface Area

$133,000
$200, 000 $218, 000
34260
16140
15450
5100 /¥;.
880 Pc.
185 Ac.

Horizontal Dimension
First Rise
Visitation at Inflection
Second Rise
Visitation at Beginning
Potential Visitation

640,000

210,000

420,000

580,000
900,000

720,000* 1,960,000*
970,846**2,806,850

*Based on theoretical extension of curves - Figure 5
** Source: (15, p. 148)

by the potential visitation.

The annual cost curve asymptotically

approaches the potential visitation of the site when further expenditures tend to have no effect on visitation.

Only Rough River Reser-

voir has been developed to the degree that the second rising limb
appears.

However, the curves for the other two reservoirs have

been extended using equation 3 as a basis for estimating potential
visitation.

This theoretical extension fits the curves well.

MARGINAL COST
The marginal cost curve is readily obtained by plotting the

•

slope of the annual cost curve against the corresponding visitation.
A typical marginal cost curve for reservoir recreation is shown in
Figure 6.

The marginal cost curve could be obtained directly at
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Figare 6; Theoretical Marginal Cost Curve
Rough River since a second rising limb of the annual cost curve
is necessary to provide the right hand rise on Figure 6.

However,

through use of the extended portions of the annual cost curves for
Dewey and Winton Woods, marginal cost curves with the right hand
portion were theorized.
Figure 7 shows the marginal cost curves for the three reservoirs
studied.

The curves for Rough River and Dewey Reservoirs are very

similar in shape and actual values.

All three curves, as do the

annual cost curves, become asymptotically vertical at the potential
visitation.
Although the marginal benefit curve is necessary in order to
determine the optimum installed capacity precisely, the marginal
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Marginal Cost Curves of Reservoirs Studied
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28

cost curve (Figure 7) appears to indicate that optimum capacity
has been reached at Rough River Reservoir.

The other two reservoirs,

Dewey and Winton Woods, show the first portion of the characteristic marginal cost curve but have not been developed pa<t the minimum marginal cost point.

In all probability, further development

would increase the net project benefit.

The facilities are too small.

Consideration of the physical features of the three reservoirs
reinforces the above explanation.

The smallest reservoir, Winton

W:>ods, has the largest annual attendance.

Dewey Reservoir, only

one-fifth the size of Rough River Reservoir, has about the same
visitation as Rough River.

Thus, if Rough River approaches optimum

capacity with its present visitation, the facilities at the other two
would be expected to be inadequate to provide for their greater demands.
After the characteristic shape of the total annual cost curve
has been defined with respect to different circumstances of lake
size, degree of facility development, and location with respect to
population centers, the marginal cost curve may be approximated
for a proposed site.

Use of this information in conjunction with

a marginal benefit curve provides a sound basis for economic sizing
of reservoir recreation facilities.
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Chapter V
RELATING VISITATION TO CAPACITY
Most of the equations one encounters in the literature for
predicting visitation to a particular reservoir site do not include
the size of the site as one of the indei;,endent variables .. It is
reasonable to assume that a lake inundating 100 square miles
would have far more visitors than one inundating 100 acres.

The

problem comes in quantifying the relationship between visitation
and size.

The approach cf this study is tc first estimate the poten-

tial visitation, the number of visitors to a facility so large that a
further increase in size would not induce increased visitation.
Next, the facility size required to accommodate potential visitation
is estimated.

Finally, an actual visitation smaller than the poten-

tial is estimated for a known smaller size.
CONCEPT OF POTENTIAL VISITATION
The concept of potential visitation is a helpful starting point
in the study of the effect of crowding upon visitation trends and
rec re a lion benefits realized.

Potential visitation is defined as the

number of people (in user-days/year) which would visit a site if
site capacity imposed no restriction.

Its realization requires ade-

quate facilities to satisfy all the outdoor water-related recreational
needs of those people who enjoy being in a crowded area, those who
want only a small number cf others present, and those who prefer
to be alone.

Theoretically, no matter what the visitor's individual

feeling about crowding, he would find some place at the site where
he could have a satisfactory recreational experience before full
potential visitation could be realized at the facility.

Potential visitation as so defined is a property of a geographical location and entirely independent of the development of the
site.

It cannot be realized without a large lake surrounded by

extensive peripheral facilities.

A small lake can never realize

full potential visitation because of its .limited water area.
PROCEDURE FOR ESTIMATING POTENTIAL VISITATION
Among the sites examined in this report, the notion of visitation unaffected by crowding is closest to being realized at Rough
River Reservoir.

By use of the capacity coefficients, the capacity

is estimated to be 34,260 visitors (Table 7).

This figure was

determined by using areas specified for recreational use.

If all

the areas which visitors use informally on summer weekends were
used, the capacity would probably be much higher.

According to

the Corps of Engineers (20), the peak day visitation during the past
five years was about 20, 700.

Thus visitation has never approached

ca lcu lated ca pa city.
However, even at Rough River, the assumption of visitation
unaffected by crowding is not completely valid.

Space dedicated

to specific activities may be crowded even while the site as a whole
is not.

The beach at Rough River State Park is often crowded, and

the psychological effect of the crowding probably decreases the use
of that facility.

However, Rough River comes far closer to realizing

its potential visitation than does Winton Woods.
In Tussey's "Analysis of Reservoir Recreation Benefits," he
developed a relationship of the form of Equation 1 between visita-

tion, population, and distance of the various centers of population
from the site.

Using information taken in surveys interviewing

recreation visitors (15), he developed values for Kand n for the
Rough River Reservoir site.

Since Rough River is assumed to
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accommodate its potential visitation, the values for Kand n determined for that site may be assumed valid for use in determining
potential visitation at other reservoir sites in the same region.

His

equation (15, p. 85)
•
m

V=

ih

2577

P./d. 2. 445
l

(3)

l

was thus used to estimate potential visitation at Winton Woods.
POTENTIAL VISITATION TO WINTON WOODS
Potential visitation to Winton Woods from the entire continental
United States was determined.

The country was divided into 101

regions, and the population and distance to Winton Woods from each
was determined.

Each state, excluding Indiana, Ohio, and Kentucky,

was taken as a region. A more accurate estimate of potential visitation was found by dividing the closer areas into smaller regions.
Indiana was divided into 7 sections, Kentucky, into 12, and Ohio,
into 11 with the 11th, Hamilton County, being further divided into
26 smaller tracts.
(27).

The 26 tracts were those used in the 1960 census

Table 9 lists the 101 regions along with their population and

air distance from Winton Woods.

Figure 8 locates the regions

within Ohio, Indiana, and Kentucky.

Equation 3 was applied to

the 101 regions to get the total potential demand.
Because Rough River is somewhat separated from any urban
area and Winton Woods is surrounded by suburban Cincinnati
and only a ten minute drive from downtown, a problem developed

•

in applying the visitation prediction equation.

The distance term

in the denominator of the equation produces absurdly high visitation

.

estimates when centers of population are within a few miles of the
site.

At Rough River, no such close, high-density population centers
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Ffgure 8. Location of Kentucky, Indiana, and Ohio Visitation Regions Used in Determination
of Potential Visitation

TABLE 9
POTENTIAL VISITATION BY LOCATION

1960
PopulaAir
tion
Distance
I.

II.

•'

d
Potential
(EquaVisitation 3J
tion

Areas Within Hamilton Co.
Arlington Hts.
625
Glendale
2,560
Greenhills
5,405
Lincoln Hts.
6,550
Mt. Healthy
6,555
12,035
North College Hill
Springdale
3,555
Woodlawn
3,005
Wyoming
7,735
Anderson
17,250
Cincinnati
502,550
Colerain
28,630
Columbia
31, 635
Crosby
1,465
Delhi
14,580
Elmwood Pl.
3,815
Green
47,990
Harrison
5,525
Lockland
5,290
Miami
8,330
Norwood
34,580
Reading
12,830
St. Bernard
6,780
Sycamore
54,945
Symmes
7,620
Whitewater
2,883

4
3
1. 5
3
3
4
3
2
3
14
8
7
9
12
13
5
11
15
4
13
8
5
7
6
11
14

22
30
8
26
16
10
14
12
22
28

3,702
30,636
271,700
78,385
78,445
71,279
42,543
96,912
92,566
12,871
1,473,060
116,320
69,525
1,593
13, 040
35,287
64,572
3,482
84,434
7,450
101,360
118,670
27,546
325,421
10,253
2, 151

Areas in Ohio
Section 1
2
3
4
5

150
95
120
205
190

150
95
120
205
190

11, 444
17,289
25,552
21,091
31,933

928,945
459,385
1,202,005
3,674,770
743,444
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12
9
5
9
9
12
9
6
9
28
16
14
18
24
26
10

TABLE 9 - Continued

1960
Population
Section 6
7
8
9
10
III. Areas in Indiana
Section 1
2
3
4
5
6
7

IV. Areas in Kentucky
Section l
2
3
4
5
6
7
8
9
10
11

12

v.

States of U.S.A.
Alabama
Arizona
Arkansas
California
Colorado
Connecticut

d
Potential
Air
(Equa- VisitaDistance tion 3)
tion

502,975
275,895
161,155
694,620
199,075

105
35
65
40
12

105
35
65
40
24

14,820
119,292
15,339
216,684
216,529

1,116,400
557,730
511,865
1,525,929
421,720
488,915
39,930

185
140
135
80
150
85
30

185
140
135
80
150
85
30

8,236
8, 133
8,158
87,417
5,195
24,150
25,168

201,945
340,380
249,010
163,425
610,945
133,380
131,905
304,725
320,140
242,515
110 ,340
229,445

270
190
125
180
90
70
80
130
160
100
60
15

270
190
125
180
90
70
80
130
160
100
60
30

591
2,352
4,791
1,289
26,242
10,591
7,557
5,326
3 ,368
8,051
12,772
144,621

3,266,740
1,302,161
1,786,222
15,717,204
1,753,947
2,535,354

400
1,600
550
1, 950
1,050
580

400
1,600
550
1,950
1,050
580

3,658
49
918
366
185
1,144
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TABLE 9 - Continued
1960
Population

..

Delaware
Washington, D.C.
Florida
Georgia
Idaho
Illinois
Iowa
Kansas
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

446,292
763,956
4,951,560
3,943,116
667, 191
10,081,158
2,757,537
2, 178,611
3,257,022
969,265
3, 100,689
5,148,578
7,823,194
2,413,864
2, 1 78, 141
4,319,813
674,767
1,411,330
285,278
921,606
6,066,782
951,023
16,782,304
4,556,155
632,446
2,328,284
1,768,687
11,319,366
859,488
2,382,594
680,514
3,567,489
9,579,677
890,627
389,881
3,966,949
2,853,214
1,860,421
3,951,777
330,066
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Potential
d
Air
(Equa- Visitation
Distance tion 3)
450
350
700
400
1,500
400
600
700
725
900
350
675
350
600
600
500
1,500
750
1,875
725
500
1, 300
550
350
950
800
1,900
350
700
400
900
325
1,100
1,450
700
400
1,900
200
500
1, 175

450
350
700
400
1, 500
400
600
700
725
900
350
675
350
600
600
500
1,500
750
1,875
725
500
1,300
550
350
950
800
1,900
350
700
400
900
325
1,100
1,450
700
400
1,900
200
500
1,175

375
1,186
1, 411
4,415
30
11, 287
1,146
621
852
149
4,812
1,604
12, 141
1,003
905
2,803
30
340
7
241
3,936
60
8,625
7,071
85
479
44
17,567
245
2,668
105
6,636
904
43
111
4,442
71
11, 342
2,564
27
4,435,592

were available for use in the correlation deriving Equation 3.
In order to overcome this problem, travel time as well as
distance was recognized as influencing visitation.

Travel speed

is significantly slower through metropolitan Cincinnati than through
rural areas.

The equation, as developed by Tussey, was based

upon visitation to Rough River Reservoir by automobiles along
country highways where average travel speed was about 60 mph.
In the analysis for Winton Woods, similar conditions of travel
were assumed to exist if the travel distance was greater than 20
miles because the interstate freeway system would probably be used.
For distances between 5 and 20 miles from the site, travel was
assumed to be predominantly over major urban arteries at an average
speed of 30 mph or about half of that in rural areas.

For this

reason, the value of din Equatio!1 3 for these regions was taken
as twice the air distance.

For regions closer than 5 miles from

the reservoir, the average travel speed was assumed to be 20 mph,
predominantly over city streets, and the value of d was taken as
three times the air distance.

Values of d and potential visitations

by location are tabulated on Table 9.

The total potential visitation

is seen to be 4,435 ,592.
The potential visitation as computed by the procedure explained
above was based upon the activity composite at Rough River since
Equation 3 was derived for that site.

However, the activities

available at Rough River differ from those provided at Winton Woods.
The former provides an excellent beach site for swimming while no
swimming is permitted at Winton Woods due to below standard water
quality.

Rough River also provides for power boats and water- skiers

while Winton Woods has a boat rental service but allows no visitor
owned boats nor water-skiing.

The potential visitation total also
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includes visitors who desire to fish while fishing capacity was not
evaluated in this study.

Thus, the potential visitation calculated

by Equation 3 is too large, and an adjustment is necessary.
The adjustment was made by determining the total activitydays spent in swimming, fishing, or water-skiing at Rough River
Reservoir.

Monthly visitation data of the Corps of Engineers (24),

which lists the monthly visitation by activity in activity-days
(where an activity-day is counted each time a visitor spends any
part of a day taking part in any activity), was used to develop
• Table 10, the fraction of the total activity-days spent at the site

spent in one of these three activities.

If these activities were

not provided, it was assumed that the tabulated fraction of the
monthly potential visitation would not be interested in visiting
the site.

To determine the potential visitation lost due to lack of

facilities:
Monthly Lost Potential Visitation=(Annual Potential
Visitation) (Monthly Distribution Factor)(f )
1
For example for August with a potential annual visitation of

4,435,592, the monthly visitation factor was 0.15 (Table 11),
TABLE 10
FRACTION OF TOTAL ACTIVITY-DAYS SPENT IN
SWIMMING, WATER-SKIING, AND FISHING

Month
January
February
March
April
May
June

Fraction (fL)

Month

.224
.243
.298
.280
.370
.424

July
August
September
October
November
December
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Fraction (fL)

.425
.428
.423
.280
.374
.255

(4)

£ was 0.428, and the lost potential visitation was (4,435,592)

1

(0.16)(0.428) or 303, 750.

The potential annual visitation was

adjusted by deducting the sum of the 12 monthly corrections as determined by the above procedure.
The total potential visitation as .calculated by Equation 3 from
101 regions gave a value of4,435,592.

The adjustment of Equation

4 estimated 1,628, 74.2 visitors would not go to Winton Woods if

swimming, water-skiing, and fishing were not provided. "This adjustment means that the potential annual visitation to the activity
composite provided at Winton Woods is 2, 806, 850.

This value will

be used in this report.
CALCULATION

OF POTENTIAL BENEFITS

Potential benefits represent the economic value realized if
potential visitation were to use a reservoir site.

Potential benefits

equal the product of potential visitation and the unit value of benefit
per visitor.

Tussey' s method of evaluation of benefit per person

using travel distance as a basis gave a value of $1. 27 per visitor-day
for the Rough River site (15, p. 148).

In contrasting Winton Woods

with the Rough River site, the much larger day use and relatively
sma.ller weekend use would indicate that unit benefits would be
considerably lower for Winton Woods.
In applying the procedure used by Tussey to estimate marginal
benefit, it can be shown that the benefit realized per visitor from a
given region can be estimated by the equation

U

v

where U

v

= CD
2

(5)

is the unit value of benefits per visitor-day, C is the

average travel cost per mile per visitor-day, and Dis the air line
distance (7, p. 840).

Tussey evaluated C to be $0.034 (15, p. 131).

- 60 -

The 101 regions used in calculating potential visitation (Table 9)
were used to get the mean travel distance of the visitors where

D

= !:DV

(6)

!:V

and DV is the product of visitation from an area and the distance to
the area while Vis the visitation.
gave

The application of this equation

i5 as 29.4 miles. Thus, U v = $0.50. The potential recreation

benefits at Winton Woods would be $1, 403, 425 annually.
VISITATION REDUCTION BY CROWDING
Whenever the activity areas are too small to provide all who
wish to visit the site for recreation the amount of space and the
degree of privacy they desire, full potential visitation will not be
reached because of a capacity restriction.

Whenever some visitors

begin to feel restricted, psychological crowding occurs.

As

crowding intensifies, it causes an increasing percentage of those
arriving to either leave or have a less enjoyable experience.

More

severe crowding is more likely to adversely affect future decisions
on visiting the site.

Many visitors may refrain from going to the

site even when it is not crowded just because they think it might be
and there is no easy way to check.
The capacity estimated for Winton Woods of 15, 450 (Table 7)
represents the maximum number of visitors which can be expected
to use the site simultaneously.

However, one would expect the

capacity attendance at Winton Woods to be primarily associated
with day use.

Most of those interested in weekend or vacation

use prefer less congestion and would feel too crowded.
tial number of day visitors would too.

A substan-

Crowding has a significant

effect on visitation when attendance is still well below capacity.
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The peak daily attendance of record at Winton Woods is about
60, 000.

This implies a peak simultaneous visitation of about 16, 200

(using a factor of O. 27, p. 68),
estimated capacity.
have been noted.

The value checks well with the

Many days with attendance exceeding 30, 000

Thus, the congestion caused by a large number of

visitors occurs often enough to have a significant effect in reducing
total annual visitation.
DISTRIBUTION FACTORS
Evaluation of the effect of crowding on visitation requires
recognition of the time distribution of facility use.
facility will be crowded.

Sometimes the

Other times it will be scarcely used.

Crcrwding limits visitation only at certain times - the times when
recreation demand is large.
Over the course of a year, from hot summer afternoons to
freezing winter nights, visita lion to reservoirs for recreation varies
from near capacity to near zero.

The utilization at various times of

the year can be determined from visitation data.

The relationship

of visitation with various kinds of time may be expressed by use of
distribution factors.

They express the fraction of annual visitation

occuring in any month, the fraction of weekly visitation occurring
on any day, and the fraction of daily visitation occurring in any hour.
For the three reservoirs studied, various distribution factors
were determined. At Winton Woods, recorded daily visitation totals
were obtained for five years.

Use of these records provided visita-

tion distributions by month of the year and by day of the week.
Variation in weekly distribution was noted by season of the year.
Observations were made at Winton Woods on several peak-use
summer days in order to obtain distribution trends by hour of the
day.

Corps of Engineers records (23, 24) were used to obtain
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distribution factors by month of the year for both Dewey and Rough
River Reservoirs.

Distribution factors by day of the week were not

available for these two sites except for one survey at Dewey Reservoir reported by Duck and Beard (3).

Surveys made at Rough River

and Dewey by Dowell and Tussey provided daily distribution factors.
All the factors contained in this study apply specifieally to
the climate and socio-economic environment of the Ohio River Valley.
Specific numbers should only be applied with caution at other
locations.
Visitation Distribution by Month of the Year: Table 11 shows the
annual distribution factors for the three reservoirs studied.

The

table suggests a variation in monthly visitation distribution for the
various categories of visitation - day use, weekend use, and vacation use.

Day. use visitation would seem to be the most evenly

distributed over the year.
An additional factor affecting the distribution of visitation by

month is the weather differences between Rough River and Dewey.
In categorizing the three sites according to their visitation characteristics, Rough River Reservoir was said to be nearer to the vacation
TABLE 11
ANNUAL DISTRIBUTION FACTORS

Month
January
February
March
April
May
June

Rough
Dewey River
. 003
.004
. 013
.027
.090
. 196

.016
.020
. 031
.068
. 135
.150

Winton
Woods
.040
. 031
.039
. 063
.162
. 131
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Month
July
August
September
October
November
December

Rough Winton
Dewey River Woods
.242
. 215
.097
.060
.033
.020

.206
. 185
.095
.053
.030
. 011

. 113
.160
.095
.064
.049
. 053

type than either of the other two.

However, the tabulated monthly

fractions show Rough River with a more even distribution than
Dewey.

It is believed that the later arrival of suitable weather

for the activities provided at Dewey Reservoir shortens the available
recreation period.

On the other hand, Rough River Reservoir is

located where warm weather usually arrives slightly earlier, allowing
greater visitation in the spring months.
The tabulated distribution factors show a significant difference
in monthly visitation trends between Winton Woods and the other
two. The day-use visitation as opposed to weekend use at both
Dewey and Rough River is a major reason for the difference.

Ability

to drive to the Winton Woods site in a few minutes allows many short
duration trips during brief periods of warm weather in the winter and
spring.

Such trips cannot safely be planned in advance and would

not be made if they involved an hour or more of travel time.
Another difference at Winton Woods is that the peak month for
visitation is May.

It is July for the other two.

also be attributed to the day-use visitation.

This difference may

In the months of July

and August, the usual peak outdoor recreation period for this area,
many people go on vacation and are less interested in day-use
recreation.

This lowers visitation to closer sites.

In May, however,

the weather allows these people to visit Winton Woods almost any
day they wish at a time they are less free to go on longer trips.
The peak month for both Dewey and Rough River Reservoirs is
July.

May is fourth at the latter and fifth at Dewey.

In line with

the discussion above, this indicates that the local population
comprises relatively less of the visitation at these two sites.
vacation period is the time of highest visitation.

The

The highest six

months of the year represent 90 percent of the visitation at Dewey
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and 83 percent at Rough River while representing only 72 percent
at Winton Woods,

With close proximity to a large urban area,

Winton Woods is predominantly visited by persons living nearby.
The other two reservoirs, being located farther from urban centers,
serve a shorter annual visitation period with highest visitation
occurring in the vacation period,
A final factor influencing monthly visitor distribution is
crowding.

Winton Woods is more crowded than the other sites.

Crowding limits visitation during months of high more than during
months of low visitation.

The result is a reduction in the fraction of

the annual visitation occurring in the peak months.
Visitation Distribution by Day of the Week: The weekly distribution
factors also show a significant difference between Winton Woods and
the other two sites.

One source (3) gave the distribution shown on

Table 12 for Dewey, and the same values were assumed for Rough
River.

The daily visitation records of the Hamilton County Park

District (6) for Winton Woods provided data for obtaining weekly
distribution factors.
A major difference appears in the fraction of the weekly visitation using the site on Sunday,

Over one-half of the weekly visitation

occurs on Sunday at Rough Riverand Dewey while Saturday and Friday
TABLE 12
WEEKLY DISTRIBUTION FACTORS

Mon .
Dewey
Rough River
Winton Woods

. 065
.065
. 091

Wed.

Thur.

Fri.

Sat.

Sun.

.059 :067
.059 .067
.090 .094

. 074
.074
.104

.081 . 133
.081 . 133
.091 .169

.521
.521
. 361

Tue.
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are the next two most used days.

Slightly more than a third of the

week.ly visitation occurs on Sunday at Winton Woods while Friday
brings no more visitors than other week days.
As in the case of annual distribution factors, the visitation
trends within the· week also show a significant difference for the dayuse site as contrasted with the rural weekend-use reservoir.

Winton

Woods as a day-use facility has a much larger fraction of its weekly
visitation on week days.

Sunday visitation would also be more

surpressed by crowding than that on other days of the week.

A larger

fraction of weekend visitation is on Saturday.
Because of the easy access to daily attendance records at
Winton Woods, weekly distributions were developed for each season
of the year.
Table 13.

Three years of data were used to get the results on

The distribution factors for the summer are close to the

yearly average because most of the visitation occurs in the summer,
and it thus has the largest effect on the yearly totals.

Spring shows

the greatest orientation toward weekend use, with Saturday and
Sunday accounting for O. 609 of the weekly totals,

Fall and Winter

both show a trend toward more equal vL!litation each day of the week.
This is because most of the visitation is weather determined, and
good weather may come brrefly on any day of the week.
TABLE 13
SEASONAL WEEKLY DISTRIBUTION FACTORS
AT WINTON WOODS

Spring
Summer
Fall
Winter

Mon.

Tue.

Wed.

Thur.

Fri·,

Sat.

Sun .

. 066
. 101
.081
. 116

. 073
,078
.119
.128

.081
.082
.109
.138

.084
.105
.080
.'129

.087
. 073
.104
. 130

. 173
.166
.191
.146

.436
.395
.316
.207

- 66 -

The weekly distribution factors are influenced by the three
major summer holidays - Memorial Day, Independence Day, and
Labor Day.

The first two always occur on the same day of the week

in any given year, and Labor Day always comes on Morlday.

Thus,

the two holidays occurring on the same day of the week increase the
distribution factor for that day and decrease it for every other day.
By examining several years of data, the weekly distribution factors
for Winton Woods were adjusted to correct for the influence of the
holidays.

Table 14 shows a comparison of the uncorrected and

corrected values.

The corrected values give a better estimate of

the average long range values to be used in reservoir design.
Visitation Distribution by Hour of the Day: Observations at each of
the three reservoirs studied indicate that daily distribution factors
are basically the same at all types of recreational sites, whether
the visitation be predominantly day use or weekend use. A list of
these factors expressed as a fraction of visitation during the peak
hour for the twelve highest hours through the day ranked in order of
decreasing visitation gives the results on Table 15.
The twelve night hours 'were found to have about the same
fraction of the peak hour visitation as the twelfth.
are largely those who stay overnight.

These visitors

A daily survey (2, p. 68)

TABLE 14
INFLUENCE OF HOLIDAYS ON WEEKLY DISTRIBUTION

Uncorrected
Corrected

Mon.

Tue.

Wed.

Thur.

Fri.

Sat.

Sun .

:091
.095

.090
.095

.094

.104

.091

. 169

.100

.100

. 095

.150

.361
.365
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TABLE 15
DAILY DISTRIBUTION FACTORS AS A FRACTION
OF PEAK FACTOR*

Hour

Fraction of Peak

l
2
3
4
5
6

l. 000
0. 94 7
0.902
0.807
0.715
0.623

Fraction of Peak

Hour

0.521
0.454
0.368
0.264
0.247
0.221

7
8
9
10
11
12

*Peak hour is 0. 27 of peak daily attendance.
indicated that during the peak hour of the day about O. 27 of the daily
visitation is present.

This implies about (0.27)(0.221) or 0.06 of

the visitors stay overnight.
Activity Visitation Distribution by Month of the Year: In planning
activity areas at a reservoir site, it is helpful to have the annual
distribution of visitation in each activity.

Such information was avail-

able for three years at both Rough River (Table 16) and Dewey (Table
17).

As would be expected, sightseeing, which is least affected by

the weather, is most evenly distributed over the year while swimming
and water-skiing are most confined to the warm months.

Information

on activity visitation by month helps the planner in sizing the site,
locating the various facilities, and providing proper repair and maintenance throughout the year.
Application of Distribution Factors: The major purpose for evaluating
in this study the annual, weekly, and daily distribution factors is
to help determine the fraction of the potential benefits actually
realized.

In this analysis, Rough River Reservoir is assumed to
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TABLE 16
ANNUAL DISTRIBUTION FACTORS BY ACTIVITY
FOR ROUGH RIVER RESERVOIR

Camping Picnicking Boating Sightseeing Skiing Swimming
January
February
March
April
May
June
July
August
September
October
November
December

.000
.000
.017
. 041
. 130
.198
.261
.232
,083
,029
.007
.002

.000
,000
.021
.042
. 148
.208
.259
.237
.079
. 003
. 003
.000

.012
.013
.022
, 041
. 150
. 191
.252
. 215
. 074
.003
.024
.002

.016
.017
,028
.081
.147
.148
. 178
.162
.108
.084
.018
. 013

.000
.000
.000
.001
.166
.216
.288
.245
.084
.ODO
.000
.000

.000
.000
.000
.000
, 108
.234
.298
.268
.093
.000
.000
.000

TABLE 17
ANNUAL DISTRIBUTION FACTORS BY ACTIVITY
FOR DEWEY RESERVOIR

Camping Picnicking Boating Sightseeing Skiing Swimming
January
February
March
April
May
June
July
August
September
October
November
December

.000
,000
.000
.014
.064
.266
.352
.222
.079
. 001
,001
.000

.000
.000
.000
.028
.085
.213
.276
.240
. 136
.020
.002
.ODO

. 000
.000
.008
.046
.125
.192
.259
.216
.104
. 031
. 013
.006
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.003
.007
.019
.209
.103
. 184
. 193
.189
.098
.090
.052
.033

.ODO
.ODO
.000
.003
. 105
.225
.318
.273
.077
.000
.000
.000

.000
.000
.000
.000
.032
.257
. 353
.296
.062
.000
.000
.000

approximate a situation where nearly full potential benefits are
realized.

For this reason, the visitation trends which exist at

Rough River come close to those which would exist at a reservoir
site large enough to accommodate its potential visitation.

Winton

Woods is assumed to experience a degree of congestion which
causes some to stay away from the area due to a psychological
crowding effect.

Its distribution factors should be typical of a

site which experiences occasional crowding.

Through comparing

the two contrasting situations - potential visitation and crowding
influenced actual visitation - a means of relating realized benefits
to potential benefits may be derived.

The procedure follows.

THE VISITATION CURVE
Study of visitation trends throughout the year may be used to
derive a relationship between potential visitation and actual visitation as determined by the effect of crowding in reducing visitation to
a recreational reservoir.

One may define Ph as the peak hourly

potential visitation, the maximum number of visitors who want to
go to the site at any one time during the year.

l\i

would be the

peak actual visitation, the maximum number of visitors who are
actually at the site at any one time during the year.
Ph exceeds~.

Naturally,

These two points may be plotted at the left end of

a line relating visitation to the fraction of the time that many or
more visitors are at the site (Figure 9).

The remaining points on

each curve may be plotted by use of the appropriate distribution
factors.
A curve connected with Ph was derived using the distribution
factors which represent an average between Rough River and Dewey
Reservoirs while the curve connected with
Winton Woods distribution factors.
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was derived using

Only daylight hours (12 per
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Figure 9.

Theoretical Time Distribution of Reservoir Utilization

day) were used.

A computer program was written and used to

calculate 4380 hourly values of visitation representing the twelve
peak hours of each day of the year. If V. represents the hourly
1

visitation of the ith hour whose annual, weekly, and daily distribution factors are represented by Dm, Dd, and Dh respectively and
total annual visitation is A , then
a
V. = A D DdDh 84/365
1

a m
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(7)

The fraction - 84/365 - expresses the number of months in a week.
After the 4380 values were calculated, they were sorted from
largest to smallest and divided by the largest to give fractions of
peak visitation.

The two sets of sorted values were then used to

plot the two curves in Figure 9.
The area between the two curves in Figure 9 represents potential visitors who by capacity restriction or by choice do not visit
the site because of the direct or indirect influence of crowding.
The relative reduction is naturally largest at peak and progressively
reduces until crowding no longer influences visitation during low
use periods.

The ratio of the areas under the two curves represents

the fraction of the potential annual visitation who elect to visit the
site.
The upper left hand portion of the area between the two curves
represents potential visitors who cannot go to the site because of
the physical restriction of inadequate capacity.

The lower right

hand port.ion of the area represents potential visitors who stay
away from the site because they desire more than the average amount
of space or because they anticipate more crowding than actually
exists.

The capacity dividing the two areas is represented by a

curved line on Figure 9.

The line is curved because capacity is

largely psychologically determined, and many people will tolerate
higher levels of crowding for short than they will for long periods .
Thus, three basic kinds of visit.ors may be specified - those
turned away from a site by crowding, those who do not go to the
site due to an aversion to the crowding experienced during previous
visits, and those who are accommodated.

The optimum facility

sizing would be that for which the marginal benefit lost equals the
marginal cost of providing additional facilities.
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Properly planned

sites located in close proximity to large urban areas could be
expected to have a larger fraction of their potential visitors either
turned away or staying away for fear of crowding because the high
cost of land and low unit benefit for day use limit economic capacity.
ESTIMATION OF POTENTIAL PEAK HOUR VISITATION
Ph can be evaluated as the V.1 of Equation 7 where Aa equals
Pa' estimated on Table 9 and then adjusted downwards for activities
not available at the site, and the peak annual, weekly, and daily
distribution factors are used.

With a potential visitation of

2, 806, 850, the value of Ph at Winton Woods is 20, 315.

This

locates the peak point on the potential visitation curve.

The

remainder of the curve is plotted by multiplying appropriate combinations of time fractions and sorting the resulting products into
descending order.
ESTIMATION OF BENEFITS LOST BY CAPACITY RESTRICTION
After the curve representing the time distribution of potential
visitation was found, the next step was to develop a curve representing the time distribution of the actual visitation based upon the
capacity of the site and the distribution factors determined at
Winton Woods.

These factors should be typical of a site where

restricted capacity turns away potential visitors.
Use of Equation 7 to estimate~ from an actual annual visitation (Aa) of 1,348,100 and the peak values of Dm' Dd, and Dh for
Winton Woods gives a value for~ of 4950.

This value is too small

since recorded daily attendance shows peak hour values ranging up
to 16, 200.

The reason for the difference is that the distribution

factors reflect average values.

Peak Sunday attendance in a month

may be several times the average Sunday attendance.

This sort of

variation was found to be much greater at Winton Woods than at
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the other two sites.

To reconcile the two numbers, 365 daily

attendance values for three years of record were divided into 12
hourly values for each day by use of the 12 daily distribution factors,
and these 4380 hourly values for each of the three years were sorted
from largest to smallest.

The largest hourly value is ~.

three years analyzed, the largest value was 14, 736.

For the

This value is

slightly less than the calculated capacity of the site and in much
better agreement with the recorded peak visitation.
The value for~ of 14, 736 is 0. 725 times the value of 20,315
estimated for Ph.

The other 4379 sorted values of hourly visitation

define the lower curve of Figure 10.

The sorted values of potential

and actual hourly visitation fractions are also tabulated on Table 18.
All values are shown as fractions of the peak potential hour visitation.
In order to convert the Winton Woods values, which were originally
\

expressed as fractions of Ah to fractions of Ph, each fraction was
multiplied by O. 7 2 5 .
Figure 10 presents the visitation distribution for two possible
conditions.

The lower curve, designated as the actual visitation

curve, represents the time distribution of visitation at Winton Woods
under actual existing conditions.

It was determined by use of the

actual peak hour visitation and distribution factors found at the site.
The upper curve is the potential visitation curve. It represents
the conditions which would exist at the Winton Woods site if there
were absolutely no reduction in visitation caused by crowding and
the existing types of facilities were provided.

If swimming and

boating were allowed without restriction, the visitation would be
much higher.

The potential visitation curve was found by estimating

the annual potential visitation by Equation 3, adjusting it according
to the types of facilities provided, applying the Rough River-Dewey
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TABLE 18
SORTED POTENTIAL AND ACTUAL HOURLY VISITATION FRACTIONS

Time
Frac.

Actual

Potential

Actual
Potential

.00
.02
.04
.06
.08
. 10
.12
.14
. 16
. 18
.20
.22
.24
.26
.28
.30
.40
.50
;60
.65
.70
.80
.90
1. 00

.725
.200
.130
.093
.068
.058
.051
.046
.042
.038
.036
.034
.032
.029
.027
.026
.021
. 017
.014
. 013
,012
.009
.007
.0014

1. 000
.514
.308
.222
.170
,133
. 115
. 107
.099
.090
.080
.071
.065
. 061
.057
.053
. 034
. 025
.016
. 013
.010
.007
.004
.0011

.725
.389
.422
.419
.400
.436
.443
.430
.424
.422
.450
.479
.492
.481
.481
.488
.601
.683
. 893
1. 000
1. 15
1. 38
1. 69
1. 27

distribution factors since they represent a condition of unlimited
capacity, and estimating the peak hour visitation.

Each value on

both curves is a fraction of the potential peak hour visitation of
20,315.
The area beneath the actual visitation curve represents the
actual annual visitation while the area beneath the potentia 1
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visitation curve represents the potential annual visitation.

Thus,

the area between the two curves represents the annual number of
people who are potential visitors to the site but do not go there due
to any of three reasons.

Either they go and fail to stay because of

crowded conditions, they do not go because of anticipated crowding,
or they are not attracted to the site due to its small size and limited
facilities.
Figure 10 shows the two curves to cross at a time fraction of
0. 65.

It was assumed that for the remaining 35 percent of the time

capacity no longer has an effect on visitation because so few visitors
are present.

To avoid an actual visitation in excess of potential,

the actual visitation curve was used to also represent potential
visitaUon for time fractions greater than O. 65.
As a guide to planning future reservoir sites for recreation,
Figure 10 is difficult to apply directly because it represents two
specific reservoir conditions at Winton Woods.

However, the curve

can be normalized so that it can be applied to any values of
and Ph.

Ai-t

This is done by expressing the distance between the two

curves for each time fraction less than O. 65 as a fraction of Ph-~.
This procedure produces Figure 11 where P-A measures the distance
between the potential and actual visitation curves at the indicated
time fraction.

P can be estimated from use of a visitation-prediction
a
expression such as Equation 3. Equation 7 can be used to convert
this value to Ph, and the factors for potential visitation in Table 18
define the balance of the potential visitation distribution curve.
The curve of Figure 11, which relates the value of (P-A)/(Ph-~)
to the time fractions, indicates the amounts to subtract from the
potential visitation distribution curve to plot the actual visitation
curve for any value of~ after Ph has been established.
is applicable to any reservoir site.
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Figure 11
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Time Distribution of Potential Visitors
Not Going to the Site
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Figures 10 and 11 now provide the key to establishing the
fraction of the potential visitation and potential benefit realized as
a function of reservoir size measured by the ratio of~ to Ph.

With

Ph known, the entire time distribution of visitation curve may be
developed from the distribution factors on Table 18 as was done in
getting the top curve of Figure 10. With

~

taken as the capacity

of the proposed facilities, the lower curve may be plotted a distance
P-A below the upper one as read from Figure 11.

The fraction of the

total area under the upper curve which is not also under the lower
curve may then be graphically determined and represents visitation
not accommodated at the site.
However, the graphical step may be e.liminated by developing
a curve for reading area directly. Figure 12· is such a curve developed
by measuring areas between the curves for a range of values of
The area below the lower curve (A ) may be estimated
a
The
area
between
the two curves (Figure
directly from Figure 12.
10), potential visitation not going to the site, is P - A . The
a
a
fraction not visiting the site (lost) divided by the fraction realized
may also be plotted as a function of ~/Ph (Figure 13) based on
the calcula lion procedure shown on Table 19.
SUMMARY

The marginal benefit of recreation, determined for Winton
Woods to be essentially constant with visitation (p. 61) at $0.50
per visitor-day, may be combined with the marginal cost curve
(Figure 7) to find the optimum capacity for a project.

For Winton

Woods, two curves intersect at a visitation of 2, 720, 000 visitordays annually.

This is about twice the current annual visitation

and very near the theoretical potential visitation of 2, 806, 850.
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TABLE 19
CALCULATION OF POTENTIAL ANNUAL BENEFITS NOT REALIZED

~
Ph

0.5
0.6
0.7
0.8
0.9
1. 0

p -A
a
a
p
a
Figure 12

A
a
p
a
Figure 12

0. 61
0.55
0.49
0.40
0.27
0.00

0.39
0.45
0.51
0.60
0.73
1. 00

p

a

- A
a
A
a

1. 57
1. 22
0.96
0.67
0.37
0.00

Thus, the method derived above provides the necessary relationships to allow estimation of the effect of installed capacity on
recreation visitation as a step in marginal economic analysis.
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Chapter VI
COMBINING MARGINAL COSTS AND BENEFITS
INTRODUCTION
The methodology developed for relating visitation, and hence
benefits, to reservoir size was based on data collected at three
reservoir sites near the Ohio River.

However, the resulting pro-

cedures are intended for application in the marginal analysis
required in evaluating economic justification and economic sizing
of future reservoir sites at which the provision of recreation facilities
is to be considered.

In the derivation and application of the general

procedure, a number of limitations are apparent.

Continued research

is needed to refine the procedure and evaluate its potential extension
to other areas.
POTENTIAL DEMAND
The first step in the analysis is to estimate potential demand
at the geographical location selected for recreation development.
This can be done through a statistically derived empirical equation
such as that derived by Tussey (15) and used in this study (Equation
3) or by some other suitable method.

In applying a statistically

derived visitation prediction equation, it may be necessary to modify
it to correct for apparent differences in circumstances between the
site for which the equation was derived and that to which it is being
applied.

One such modification was the distance correction made

for visitors living near Winton Woods Reservoir (p. 58).

If only a

limited number of activities are to be provided, another modification
is also needed (p. 59).
used out of context.

Visitation prediction equa ticn; should not be

Once the current potential demand has been estimated, a
policy is needed with respect to how to treat planning facilities to
accommodate future potential demand.

If future demand is to be

explicitly considered, population projections should be used to
estimate future demand for various times within the desired planning
horizon.

Future demand is a particularly important consideration in

sizing the lake because a dam, once built, is unlikely to be enlarged.
It is also important in buying land around the reservoir periphery

for recreation facilities because land costs are known to rise substantially after reservoir construction. However, there is little
reason to install recreation facilities until they are actually needed.
The remaining steps in the analysis can be based either on present
or projected future demand.
TOTAL CAPACITY

The peak number of the potential annual visitors which can be
expected to want to visit the site at any one time sets an upper limit
to the facility capacity which should be considered for installation.
Nothing is gained by providing more facilities than are ever needed.
This peak potential simultaneous visitation can be determined by use
of applicable distribution factors.

The empirical data collected

showed that the distribution factors range between two extremes those which describe utilization at a crowded site and those at a
site where capacity does not restrict visitation.

Typical distribu-

tion factors for a large reservoir in an area similar to the Ohio River
Valley would be O. 225 for the peak month of the year, 0. 500 for the
peak day of the week, and 0.270 for the peak hour of the day.

A

constant, called kh, may be defined as the product of the three
distribution factors and 84/365 (converts one week into months).
It relates potential peak hourly visitation to potential annual
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visitation by the equation
(8)

where Ph is the potential peak hour visitation, and Pa is the
potential annual demand.
equals O. 0069.

Using the typical values above,

~

Thus, the capacity necessary to accommodate the

potential demand would be O. 0069 times the predict!)d annual visitation.
The estimated value of Ph provides the maximum useful capacity
or the maximum aggregate capacity for the activities to be provided.
Further study is necessary in order to determine the size and location
of the area to be provided for each activity.

Studies (3) made at

reservoirs of different sizes and uses indicate the distribution preference of visitors among activities.

The distribution will vary with

climate and the division of visitors among day use, weekend use,
and vacation use.

Use of such information, when combined with

reasonable capacity coefficients, would provide estimation of the
area which should be allowed for each activity.

Although swimming

and boating use imply a necessary minimum-pool water surface area,
a larger pool may be required by other project purposes.
The total land area required for recreation development always
exceeds the total of the areas dedicated to the particular activities.
The additional land is used for access roads, parking for the
facilities, and wooded areas or other suitable landscaping required
to serve as a buffer zone for the transition of land use from surrounding
agricultural, industrial, or residential development to the recreation
area.

Although no direct use is made of the buffer zone, it is neces-

sary to an esthetically pleasing site.

Proper landscaping is needed

to make the buffer area as attractive as possible so as to add to the
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beauty of the area - increasing visi.tation and hence benefits.
Detailed design of the buffer zone and activity areas is the
job of the planner.

His previous experience and observation of

other reservoir sites are important in its layout.

Once he has

completed his study, the facility and land costs can be estimated.
The reservoir cost is usually marginal to purposes other than recreation so that the only costs included are facility costs and land
costs - consisting of both installation costs and annual operation
and maintenance costs.
COST ANALYSIS

After the land and facility needs for maximum development
have been determined, the total cost of each can be estimated.
The installation cost of the facilities is discounted at the
normative planning discount rate (3. 125 percent in 1968) over the
life of the facilities, the average of which was found to be 15 years.
The land cost should not be discounted at 3 .125 percent.

In general,

land ownership yields a rate of return of 5 percent or higher.

In

order to justify taking land for recreation, its rate of return for recreation use must be at Ieast its rate of return in the private economy.
Thus, the rate of re turn in the private economy should be used in
discounting the annual cost of the land.

It is to be discounted over

an infinite period.
The annual facility cost for providing for the full potential
annual visitation provides one point on a curve of annual cost versus
visitation (Figure 5).

The balance of the curve (Figure 14) can then

be drawn in according to the characteristic shapes shown on Figure 5
and dependent in part on the parameters listed in Table 8. Within
the accuracy of the method, land cost may be assumed proportional
to facili.ty cost.

The entire curve may thus be expanded vertically by
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Effect of Land Cost on Annual Cost Curve

multiplying each ordinate by the ratio of land plus facility cost to
. facility cost for the maximum visitation facility.
The marginal cost curve is then obtained by plotting the
slope of the annual cost curve point by point versus the corresponding annual visitation.
MARGINAL BENEFIT ANALYSIS
Benefits per person depend on a weighted average travel
distance to the site. As average travel distance increases, benefits
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increase,

Benefits per person vary with crowding only to the degree

visitors living nearby are crowded out to a different extent than
those living at a distance.

By neglecting this relatively small

effect, the value of marginal benefits per visitor-day may be taken
as a constant for a given site and calculated by the method presented
by Tussey (15, pp, 127-148).

Since marginal benefits vary directly

with travel distance, increasing values can be expected as one goes
from day-use through weekend-use to vacation-use type reservoirs,
Marginal benefits may be approximated by use of Equations 5
and 6, where the value of travel cost per mile per visitor-day (C)
may be calculated and usually turns out to be about $0. 035 (15,
p, 129).

The mean travel distance (Equation 6) can be estimated

from the data used in determining potential annual demand (pp, 55-57).
The value determined for marginal benefits per visitor-day at Winton
Woods was $0.50,
$1.27 (15, p, 148).

Tussey found the value at Rough River to be
Thus, a marginal benefit curve can be developed

and plots as a horizontal line on a curve of marginal benefits versus
actual annual visitation.

Such a curve would appear as a horizontal

line on Figure 14,
DETERMINATION OF OPTIMUM SIZE
The marginal cost and benefit curves provide the information
necessary for determining the optimum size of a site.

The optimum

visitation is that at which the marginal cost and benefit curves
intersect.

However, there may be several points of intersection.

The proper one to choose is the one on a rising limb associated
with the highest value of benefits net of cost,

Thus, when in

doubt, find the net benefits for each point of intersection and
choose the highest.
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i

The abscissa of the optimum point provides the economically
optimum annual visitation (A ) . Since the potential annual visitaa
tion (P ) is known, the fraction A /P can be calculated. The
a
a a
relationship of Ah/Ph to Aa/p a is given in Figure 12. Thus, for
any Aa/Pa' the value of ~/Ph can be found.

Ph is known from

Equation 8 so that Ah can be calculated directly.

It is the optimum

capacity of recreation facilities which may be installed at the sight
and will be somewhat smaller than the maximum value of Ph.
When the optimum capacity has been determined, the entire
analysis is revised to fit this value.

The optimum annual visitation

is noted as A . Knowledge of the distribution of total visitation
a
among activities and appropriate capacity coefficients allow selec•

tion of facilities to serve the optimum number of visitors.
and layout of the site is based on the design capacity (~).

The cost
An

approximate cost may be estimated from Figure 14, but a more
accurate figure requires a new cost estimate.
With ~/Ph known for optimum conditions, Figure 13 provides
the fraction of the potential visitors who are not accommodated.
This number of visitors times marginal benefit per user-day gives
lost benefits.

Total realized benefits may be calculated as the

product of A and the marginal benefits per user-day.
a

SUMMARY
The above procedure provides a method for determining a
design capacity for reservoir recreation at a proposed site. It
also gives the value of total benefits realized, benefits lost, annual
cost, and other items of use in selecting the optimum degree of
recreation development at a potential site and the associated benefits and costs.
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Chapter VII
CONCLUSION

REVIEW OF METHOD
In the past, the planning of facilities for reservoir recreation
has been concerned primarily with estimation of visitation and
calculation of benefits.

No economic optimization to select the

degree of recreation development nor consideration of change in
benefits realized with change in facility size was included in the
study.

The basic accomplishment of this report is the derivation

of a method by which the size of facilities for reservoir recreation
can be optimally determined through marginal economic analysis,
the evaluation of marginal costs and marginal benefits.

As an

integral part of the derivation, the effect of size on the fraction of
the potential benefits actually realized was examined.

The method

was developed using coefficients applicable to the Ohio River Valley,
but it may be applied to any reservoir area if coefficients based on
locally applicable empirical data are first determined.
METHOD EVALUATION
A major advantage of this method is that it allows the selection
on an unbiased basis of the optimum development of recreation facilities for alternative reservoir projects so that a series of projects
can be planned on a comparable basis. It also provides a procedure
for predicting visitation to and investigating the merit of small
recreation reservoirs in terms of recreation benefits and costs.
The difficulties which will appear in applying the method will
probably mostly be related to insufficient empirical data to evaluate
reservoir recreation in a specific local context.

The first difficulty likely to be encountered is finding a
suitable visitation prediction equation for estimating the potential
visitation to any reservoir site.

The values of Kand n derived by

Tussey for Equation 1 were based on conditions existing in the
Ohio River Valley.

Values suitable for other areas could change

with differences in the socio-economic characteristics of the
surrounding population, prevailing local road conditions, and
climatic varia t.ion.

The recreation sea son should be extended and

hence the total annual visitation should be increased by a warmer
climate.

The best procedure is to find suitable values for K and n

based on a statistical analysis of recreation visitation to a reservoir
characteristic of prevailing regional conditions.
For the case of a reservoir site within a large metropolitan
area, Kand n should be determined by a correlation of the data
collected from other similar sites. When many people live very
close to the site, the propensity of people to visit cannot be
accurately predicted from equations derived from data collected for
rural conditions.
In modifying the estimated potential visitation because of limi-

tations on activities provided, only the limited combination of
activities available at one site was considered in this report.
However, many other combinations of activities may not be provided for one reason or another,

Values of f

1

(p. 59) must be deter-

mined for the combination of omitted activities applicable to the
specific planning situation.

Values may also vary for different

locations with respect to urban centers because of variation in the
types of activities desired.

Day, weekend, and vacation use

type reservoirs appeal to groups desiring different activity composites.
One would expect the lack of camping facilities to have a greater
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effect on a vacation-use than on a day-use site.
Another important factor which affects f
which the reservoir is to be located,

is the climate in
1
In the south where a warm

climate prevails, swimming is more important.

For this reason,

failure to provide good swimming facilities would probably have a
large effect on visitation, much larger than its effect in a cooler
climate.

Knowledge of the effect on visitation caused by various

activities being omitted from the facility for various climates is
of great importance in determining the proper design.
Another limitation will be associated with trying to apply the
methodology to very small reservoirs.

The appeal of a farm pond to

potential recreation visitors could not be expected to be the same
as the appeal of a large reservoir.

Part of the difference can be

determined by applying suitable values of £ to account for activities
1
not possible at the very small site, Further research is needed to
determine whether or not the full difference can be accounted for by
this type of adjustment.
The distribution factors obtained in the report represent two
basic visitation trends - that at a site which is rurally located and
so large that its capacity is never reached and that at a site where
crowding does occur.

Both sites are located in the Ohio River Valley.

Other climates and settings probably have different visitation trends
and hence different distribution factors which should be determined.
In addition, distribution factors applying to a site much more
crowded than Winton Woods would be helpful in completing a
more general analysis of the effect of crowding.
Capacity coefficients applying in other situations would also
contribute to a better analysis.

The main factors which determine

these values are individual attitudes and type of reservoir use.
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In an area where close living is common place, the people would
•

be expected to accept more crowded facilities than people who are
accustomed to living in rural areas, where one is generally more

•

remote.

The trends in going from a day-use to a weekend-use to a

vacation-use reservoir should also be eKamined.
facility would be crowded more often.

The day-use

People stay a shorter time

and are probably willing to accept crowded conditions more readily.
Vacation resorts probably have the lowest capacity coefficients
since they are usually located in more isolated areas and are
visited by those desiring to escape crowds.
In evaluation of costs on an annual basis, a discount rate
must be used.

The rate is set by the U. S. Government unless the

water-resource project

is initiated and financed by someone else.

However; the Federal rate changes periodically

with bond market

fluctuations, and a rate other than 3. 125 percent would give a
different annual cost for the same initial investment.
to apply the appropriate discount rate.

It is important

In the case of land, the

discount rate was said to have a minimum value of the expected rate
of return of the land.

In any case, where some other discount rate

is warranted, it should be used and the annual cos ts for each item
added together.

The ratio of the capital recovery factors for the

two discount rates at the known facility life can be applied to
convert the cost curves appearing in this report.
The question of how land should be included in the marginal
analysis should be examined in more detail.
•

Changing buying

policies and problems connected with land enhancement around the
reservoir periphery complicate determination of marginal land require-

•

ments for recreational use.

Studies of land costs in different local

situations and how land prices increase when a reservoir is built
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nearby would provide helpful information in planning the future
expansion of recreation facilities.

Studies of both land requirements

and land costs would aid in defining a relationship of land costs
marginal to visitation and allow land costs to be added directly to
facility cos ts.
In the evaluation of benefits lost due to site crowding, the
question arises as to whether or not a visitor who lives 10 mi.les
away is more likely to be the one who no longer goes to the site
than one who lives 100 miles away.

It would seem reasonable that

the person who lives further away is more likely to be crowded out.
He has a larger investment in time and money in his recreation
experience and is thus more likely to require more of the facility
he visits.

Dissatisfaction would probably eliminate a return visit.

He has a greater number of alternative recreation opportunities
within the same travel distance range.

In contrast, a person living

near the site would not lose much time or money by going to the
site, seeing that it is crowded, and leaving.

He would prefer

returning another day to going to a more distant site.

Examination

of changes in visitation by distance zones caused by limited
facilities would help r·efine the benefit analysis.

The marginal

benefit curve may actually slope upward to the right rather than
being horizontal as was assumed in this report.
It is also important to note that all values listed in this

report pertain to the existing local conditions at the three reservoirs
studied.

Areas of differing circumstances should not be analyzed

using the coefficients given here.
SUMMARY
As mentioned above, the main limitation of this procedure is
the inability to apply it without evaluation of empirically derived
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factors suitable to a specific location.
•

More data is necessary to

improve these values for various conditions. It is important to
obtain valid empirical data from existing reservoirs of different

•

sizes, location, climate, type of use, degree of development,
etc.

This type of data collection and its analysis should improve

the method derived here and allow more exact economic evaluation
of reservoir recreation.

'
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